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Engineer sets up a problem on patch panel control center of a PACE 231-R Analog 
Computer System made by Electronic Associates, Inc., Long Branch, New Jersey. 


Tung-Sol electron tubes fill 


ELECTRONIC 
ASSOCIATES 


coy botaied 


Accurate and efficient computer operation 
permits no compromise on component 
quality. That’s why Electronic Associates, 
Inc.—pioneer and leader in analog com- 
puter development and manufacture — 
specifies only materials of proved relia- 
bility for its Precision Analog Computing 
Equipment. In line with this policy, 1 

Sol tubes hold important posts in 
231-R and other EAI PACE systems. 


EAI’s experience matches that of the 
many other manufacturers who rely on 
Tung-Sol tubes. EAI requires tubes that 
consistently contribute high-grade de- 
pendability to operating efficiency. Special 


computers! 


‘musts’ for EAI computers are electrical 
stability and ability to handle initial cur- 
rent surges. Tung-Sol tubes have satisfac- 
torily demonstrated these characteristics. 


If your design calls for tubes or semi- 
conductors, or combines both, specify 
Tung-Sol! Past performance in electronic 
equipment of all types—computers, com- 
munications, radar, industrial—lets you 
do so with full assurance of full-life 
dependability. For data on Tung-Sol tubes 
and semiconductors and how they can 
be applied most efficiently in your circuit, 
contact: Tung-Sol Electric Inc., Newark 
4, New Jersey. 


Circle 101 on page 17 














ASE /IISTORIFES 


"gy Sealed and Shielded Ball Bearings 
Solve Electric Moror Positioning Problems! 


CUSTOMER PROBLEM: 


Conventional lubrication imposes design 
restrictions on electric motor manufacturer. 
Mounting positions are limited, since bearings 
must be accessible for service or relubrication. 


SOLUTION: 


New Departure offered factory prelubricated, 
shielded ball bearings. Electric motors equipped 
with these high precision, production ball 
bearings, maintain their original performance 
in any position. And, accessibility for service 
need not be a ruling factor in motor location. 





These quiet-running ball bearings are virtually 
lubricated-for-life, and eliminate the need for 
adjustment because of wear. In applica- 
tions where excessive contamination conditions 
exist, a full line of efficient New Departure 
Sentri-Seal ball bearings are also available. 


If your product or design calls for long, trouble- 
free bearing life, why not call on New Depar- 
ture. There’s probably a high production, low- 
cost ball bearing, built to New Departure’s 
traditional precision, that’ll do the job better. 
For information, call the N/D Sales Engineer 
in your area or write Department L-8. 


'EPARTURE 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 





NOTHING ROLLS L/KE A BALL 


Circle 104 on page 17 
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INMANCO miniature motor slot insulators are made from thin, tough, heat- 
resistant Mylar and Teflon films 


where miniaturization isa 


‘‘must’—specify 
= 


Motor Slot 
Insulators for... 


1 

t 

' 

! 

' 

1 
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; More and more, miniaturization is becoming an important considera- 
; tion in the fast-moving electrical and electronic fields. Uniformly 
‘ accurate INMANCO engineered motor slot insulators invariably fill 
: the bill where miniaturization is a ‘‘must'’ because they can be pre- 
cision fabricated from materials which are both thin in thickness and 
heat resistant in character as well as being tough and durable. Be- 
cause of the wide choice of these materials, INMANCO motor slot 
insulators can be made with the exact properties required for the 
' specific miniaturized application. Other typical materials from which 
‘ you may choose are glass cloths coated with Teflon, epoxy, or 
: isocyanate resins; or any of the various Mylar Paper, Mylar Dacron, 
: or Mylar Cloth Combinations. Specify INMANCO fabricated parts 
‘ whether the job is miniature or mighty. Write for INMANCO Product 
: Bulletin 28. 

i 

' 

' 


@ miniaturization requiring insulators both 
thin in thickness yet tough and durable 


@ resistance to electrical breakdown over 
a wide range of temperatures 
® severe conditions where units are subject 


to vibration, shock, high temperatures. 
“Mylar®" and “'Teflon®” are Du Pont trademarks 


watttw 


gEcTRica, Inmanco products are manufactured exclusively by... 
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~~ 
~~ 
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INSULATION MANUFACTURERS CORPORATION 


l _s CHICAGO 6, ILLINOIS @ 565 W. Washington Boulevard © Phone CEntral 6-7320 
Nsoi prio” CLEVELAND 14, OHIO © 1231 Superior Avenue, N.E. @ Phone SUperior 1-2310 


Offices, Representatives, and Distributors in Principal Cities 
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FOR THE FIRST TIME... ALL IN ONE WIRE! 





1's PHELPS 


—‘‘lays in” easier. 


no damage to copper conductor. 


— safer in 


hot varnish solvents. 


— uniquely balanced 
properties provide better thermal life. 


Nyleze* is another example of the advanced magnet wires 
MELPS DODGE developed by Phelps Dodge through its Applied Research. 
macwer wint It is a new combination of materials with highly desirable 

- properties for use in such applications as series armatures 


and fields, stators, potted coils, random wound coils, toroids . 





and other difficult winding designs. These properties suggest 
Phelps Dodge magnet wire F d 8 8 elie 88 

is available in modern possibilities for cost economies and improved designs that 
non-returnable spools, reels . : ‘ 
Del aan” enntatnars result in better operating performance of your equipment. 


- *Nyleze is red in color 


4 ELECTRICAL MANUFACTURING 
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GLASS B 
30°C 


PHELPS DODGE COPPER PRODUCTS 


INCA MANUFACTURING DIVISION — 


FORT WAYNE, INDIANA 
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In This issue 


Components, Electrical, Electronic Your Classification: 


Magnetic Components 
Computers Control 
Computer Design Systems and Servos 


“Magnistor” Devices for Digital 
and Logic Circuits 


New solid-state component developed by the Potter Instrument 
Company combines a “soft” magnetic ferrite with a mildly 
“hard” ferrite in a multiple-flux-path configuration with the 
properties of a 1-bit comparator or “half adder less carry.” 


Staff Report. 


1959 August p 74 4 pp 


Electrical Manufacturing 


Design Considerations Your Classification: 


Nuclear Radiation Effects 
Materials, Electrical / Electronic 
Electrical Insulation and Dielectrics 


Nuclear Radiation Effects 
on Electrical Ceramics 


Tabular data covering nature and extent of nuclear radiation 
damage to ceramic materials used in electrical applications. 
Background information provides basic definitions of nuclear 
radiation, lists electrical ceramics, and cites their applications. 


W. E. Rowe and J. R. Johnson, Minnesota Mining & Manu- 


facturing Co., St. Paul, Minn. 


1959 August p 93 5 pp 


Electrical Manufacturing 


Design Considerations Your Classification: 


Thermal Design Factors 


* 
Air Filters for Electronic Equipment 


Phe selection and application of mechanical air filters for use 
in the cooling systems of electronic equipment, particularly 
as applied to military equipment. Various types (viscous im- 
pingement, electrostatic and dry) are described and their 
characteristics are enumerated. 


T. G. Nessler, Radio Corporation of America, Camden, N.J. 


Electrical Manufacturing 1959 August p 128 4 pp 


Your Classification: 
Electrical 
Motors 
Integral-Horsepower 


Current-Controlled D-C Motor Drive 


An analysis of the functioning principles of a versatile d-« 
motor drive employing armature and field current control by 
thyratrons and ignitrons. Advantages of the system, its oper- 
ating characteristics, and application data for particular drive 
requirements are presented. 


E. H. Dinger, General Electric Co., Waynesboro, Va. 


1959 August p 78 7 pp 


Control Your Classification: 
Case Histories 


Positioning Accuracy to 0.01 Inch with 
Simplified Numerical Control 


Application of Farrand punched-tape control to a multiple- 
head, inert-atmosphere, are spot-welding machine built tor 
Linde by Expert Welding Machine Co. Linear positioning 
accuracy of 0.0] in. obtained by simplified servo system em- 
ploying coarse and fine resolvers for feedback, tapped trans- 
formers for digital/analog signal conversion from the punched 
tape, electrohydraulic servo valves, hydraulic motors and ball- 
bearing lead screws. 


Staff Report. 


Electrical Manufacturing 1959 August p 98 6 pp 


Compénents, Electrical Electronic Your Classification: 


Contact Devices 
Switches 

Materials, Electrical Electronic 
Contact Materials 


Contact Research Expanded 


{ report on the recent Engineering Seminar on Electrical 
Contacts held at Pennsylvania State University, with sum- 
maries of some of the technical papers presented. Test meth- 
ods and circuits and analyses of the mechanics of contact 
operation are included. 


Staff Report. 
1959 August p 132 3 pp 
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© Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 180 and 192 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page |7 


Design Considerations Your Classification: 


Component Design Factors 


Integration of Systems Engineering 
with Component Development 


New directions in electronic component development are dis- 
cussed with special emphasis on the need for starting systems 
engineering at the component/material level and not only at 
the circuit level. 


A. Morton, Bell Telephone Laboratories, Inc., Murray 


gs 
Hill, NJ. 


Electrical Manufacturing 1959 August p 85 3 pp 


Basic Science and Engineering Your Classification: 


Materials, Electrical/Electronic 
Electrical Insulation and Dielectrics 

Materials, Mechanical /Structural 
Nonmetallic Materials 


* The Fundamental Properties 
of Plastics 


The fundamental science of polymers is discussed and related 
to the engineering properties of plastics materials. The article 
explains the basic molecular structures, the chemistry of poly- 
merization, and the effect of electron forces. The theoretical 
basis for mechanical, electrical and chemical properties is 
developed with pertinent examples. 


T. D. Callinan, Research Center, International Business Ma- 
chines Corp., Yorktown Heights, N.Y., and A. E. Javitz, 
Special Features Editor, EvectrricaL MANUFACTURING, New 
York, N.Y. 


Electrical Manufacturing 1959 August p 105 16 pp 


Control Your Classification: 
Theory 


Automatic Control System Design — 5 
The System Equation 


Whereas the previous article dealt with the system transfer 
function, this article shows how to use the system equation 
(which relates output to input directly) to determine stability 
and performance. Various means (including Lin’s Method) 
of solving the system equation are given and Routh’s criterion 
for stability is described. Also includes discussion of transient 
response and error constants. 


Ira Ritow, Airborne Instruments Laboratory, Mineola, N.Y. 


Electrical Manufacturing 1959 August p 136 10 pp 


Materials, Electrical / Electronic Your “lassification: 


Electrical Insulation and Dielectrics 
Design Considerations 
Thermal Design Factors 


* Fluorochemical-Vapor Cooling 
Techniques in Electronic Equipment 


\ study of fluorochemical vapors used as dielectric and heat- 
transfer materials. The properties of these materials are dis- 
cussed, different types of cooling systems and special design 
parameters for use of fluorochemical vapors in electronic equip- 
ment are presented. Supporting data in the form of charts, 
tables and mathematical formulae are given. 


L. F. Kilham, R. R. Urseh and J. F. Ahearn, Raytheon Co., 
Waltham, Mass. 


Electrical Manufacturing 1959 August p 88 5 pp 


Design Considerations Your Classification: 


Shock and Vibration 
Testing 
Environmental 


* The Shock Spectrum: A Means of 
Stating Mechanical Shock 
Requirements 


\ discussion of the shock spectrum as a means of stating 
shock requirements in environmental specifications in pref- 
erence to the usual approach of stating acceleration pulse 
shape. Instrumentation and other considerations involved in 
this new approach are discussed. 


Charles T. Morrow, Space Technology Laboratories, Inc., Los 
Angeles, Calif. 


Electrical Manufacturing 1959 August p 121 7 pp 


COMING UP... 


Digital Methods in Measurement and Control will be the 
subject of the September issue’s Basic Science and Engineer- 
ing insert. Other subjects to be covered will be: Evaluation 
of El Transformer Cores, The Silicon Capacitor, an examina- 
tion of the Bureau of Ships R & D program in High-Temper- 
ature Dielectrics, Testing Laminated Plastics Materials, Cir- 
cuit Modules for Industrial Control System, Regulation of 
Inverters for Inertial Guided Missiles, The Electrical Re- 
sistance of Metals (in tabular data-sheet form), Heat 
Exchangers for Cooling Electronic Equipment, and part 6 
of the Automatic Control System Design series: Servo 
Stability Analysis through the Root-Locus Method. 











NEW... 


from Skinner! 







3-way, 
high-flow, 
solenoid valves 
for general 
industrial use 















These new, 3-way L3 Series valves, like all Skinner 
valves, are built to UL standards. Their bodies are 


Main orifice sizes: full effec- 
tive—%”, 42”, %” for %”, 


14”, %4” NPT. made of forged naval brass and their internal parts . 
are stainless steel and brass. Soft, synthetic inserts 

Standard operating pressures: and seals provide bubbletight sealing. And a unique, 

ee Spee. Buna-N coated nylon diaphragm assembly assures 

Media: oil, air, water, vege- long life. The valves are compact, light, and mount 

table and petroleum oils, inert in any position, directly to the line. They are offered 

gases, kerosene, gasoline. in a wide range of voltages and frequencies, with 


many electrical options and manual override. 
mally closed and directional Typical applications: air vises, chemical process 
control in standard and explo- equipment, presses, water treatment equipment, in- a 
sion-proof construction. dustrial machinery, packaging machinery, air and 

hydraulic cylinders, laundry machinery, etc. 


Types: normally open, nor- 


Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Representative listed in the Yellow Pages or write us at Dept. 388. 


VALVES 


THE CREST OF Quatity THE SKINNER ELECTRIC VALVE DIVISION « NEW BRITAIN, CONNECTICUT 
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The Engineering Aspect of 
Materials Appearance 
Standards 


The appearance of an_ engineering 
material may be an important indica- 
tion of its properties and_ service 
characteristics. For several years now, 
ASTM Committee E-12 on Appearance 
has been responsible for the study and 
development of appropriate methods 
and standards for appearance evalu- 
ation. “Appearance” in this context 
does not refer to the aesthetic aspect 
of a material, but to such elements as 
color, texture, gloss, reflectance, clarity, 
haze and opacity. 

In a current ASTM paper, “Status 
of ASTM Methods and Standards for 
Appearance Evaluation,” I. Nimeroff, 
National Bureau of Standards, dis- 
cusses the kinds of appearance tests 
now in the form of published ASTM 
methods and suggests some new ap- 
proaches to solve current problems. 
In recapitulation, he makes the follow- 
ing points: 

1. Published ASTM methods can be 
classed into visual tests (casual and 
controlled) and instrumental tests. 

2. Appearance evaluation can be 
grouped into spectral and spatial de- 
limitation of reflected, transmitted 
and emitted light. 

3. The color of an object has been 
shown to depend mostly on the spectral 
distribution of the light, while gloss, 
haze, turbidity and opacity depend 
mostly on the spatial distribution of the 
light. 

4. Filter colorimeters have been de- 
veloped which will analyze light ap- 
proximately in accord with the ICI 
(International Commission on_ Illu- 
mination) Standard Observer. Because 
of the approximation, the utility of 
these instruments has been limited to 
measurement of color close to the 
standard and to the evaluation of 
small color differences. 

5. Glossmeters and hazemeters have 
been developed as abridgments of the 
more involved goniophotometry tech- 
nique needed to measure the spatial 
distribution of reflected and 
mitted light. 

6. For the sake of simplicity we 


trans- 
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need to develop methods that will 
apply to a class of problems rather 
than to a class of materials. 


Molybdenum-Manganese 
Printed Circuit 


A combination of a molybdenum- 
manganese coating fired and_ then 
brazed onto an alumina ceramic base 
provides a printed circuit unit with 
high dielectric and physical properties 
for ultrahigh-temperature operation. 
According to Advanced Vacuum Prod- 
ucts, Inc., Stamford, Conn., (subsidi- 
ary of General Ceramics Corporation), 
experimental units have operated with- 
out deterioration at temperatures over 
1300 F. 

The bond achieved between the 
molybdenum-manganese compound and 
the alumina substrate is said to be so 





“‘Molymanganese’ Ultrahigh-Tempera- 
ture Printed Circuit. New type of 
printed-circuit element developed by Ad- 
vanced Vacuum Products withstands tem- 
peratures of the order of 1300 F. A 
molybdenum-manganese surface coating 
is securely bonded to an alumina sub- 
strate. (See complete story above.) 


strong it cannot be destroyed without 
first destroying the alumina base. 
Other advantages claimed for the 
“Molumina” circuit unit include: re- 
sistance to moisture; resistance to 
corrosive chemicals; ability to with- 
stand arcing. 

It is emphasized that these units 
are still in the developmental stage; 
means for commercial output still have 
to be perfected. 


Miniscule 
Germanium Diode 


Made from a germanium crystal only 
0.003 in. in diam, an experimental 
tunnel diode for low power applica- 
tions has been developed at RCA’s 
David Sarnoff Research Center, Prince- 
ton, N.J. It is believed that the diode 
will find uses as a memory element 
and as an amplifying circuit device 
competitive with transistors. Operation 
over a wide range of frequencies is 
indicated, according to RCA scientists. 
Experimental units have been operated 
at frequencies higher than 1000 me. 
Potential range may be over 10,000 
me. 

Performance characteristics are de- 
scribed as being similar to those of the 
parametric amplifier, but demands of 
circuitry are simpler. Owing to the 
ready availability of germanium, costs 
are seen as low. 


Polyvinyl! Fluoride Film 
for Insulation Applications 


Still high-priced and still in the de- 
velopmental stage, Du Pont’s new 
polyvinyl fluoride film (Teslar) com- 
bines a number of interesting proper- 
ties—weatherability, excellent chemi- 
cal resistance, high mechanical 
strength, resistance to thermal de- 
gradation and to effects of hydrolysis, 
plus a high order of dielectric proper- 
ties. Suggested insulation applications: 
d-c capacitors, insulation in hermetic 
systems, wire and cable wrap. (The 
film also has wide potential uses as a 
surfacing material for metal and plas- 
tics laminates. ) 

The PVF film retains its flexibility 
at about 180 C, its zero strength tem- 
perature is about 300 C, and resists 
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Research 
Horizons 





embrittlement for 3000 hr in a 150 C 
Electrical 
follows: 


oven. properties are as 
Electrical Properties of Polyvinyl 
Fluoride Film 
Dielectric constant, 20 C 
60 cps ta 


1 ke 6.9 
Dielectric factor, 20 C 
60cps 0.0058 
1 ke 0.0096 
Electric strength, vpm 3000 


Volume resistivity, ohm-cm 
20 C 2X 10! 
iBe<; 1 x 10° 


Capsule Reviews of 
Research Reports 


e Broad review of fuel-cell prob- 
lems (see Research Note, “Resurgence 


of the Fuel Cell,” December 1958, p 


wwResearch Note 


RECENT RESEARCH in England has developed 
a device which produces a visual image of 
the ultrasonic intensity distribution that 
impinges upon a piezoelectric camera tube 
face. In use, the device is expected to com- 
plement X-ray and pulse-echo inspection 
of materials and components. Future use 
for the device is also seen in medical 
applications. 

e@ An. object to be examined is im- 
mersed in a continuous-wave sound field. 
An acoustic lens focuses the diffraction 
pattern of the object onto a piezoelectric 
plate which is the end wall of the camera 
tube. The ultrasonic image produces an 
alternating piezoelectric voltage distribu- 
tion on the plate, the magnitude of which 
is read off by a scanning beam in a man- 
ner similar to that of a television camera 
tube. The resultant signal is displayed on 
a television picture tube screen which is 
scanned in synchronism with the camera 
tube. 





Resolution and sensitivity of the ultra- 
image camera: image of holes 
(3 mm apart) in zine gauze. 


sonic 
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12) is presented by Herman A. Lieb- 
hafsky and David L. Douglas, both of 
G-E Research Laboratory, in ASME 
Publication 59-SA-22, “The Fuel Cell 

. Status and Background.” 

e Another ASME paper (“The 
Thermionic Converter,” by V. C. Wil- 
son, 59-SA-23) provides a summary of 
the principles of the thermionic con- 
verter, also the theoretical and exper- 
imental results of work in these de- 
vices at the G-E Research Laboratory. 

e Revised environmental require- 
ments for military applications are re- 
stated in a new edition (March 1959) 
of the Environmental Requirements 
Guide for Electronic Components Parts, 
issued by the Office of the Director of 
Defense Research and _ Engineering, 
Washington 25, D. C. (See: “Electronic 
Materials and Components for Extreme 
Environmental Problems,” 24-page Staff 
Review in November 1958 ELectrIcaL 
MANUFACTURING. ) 

e British practice in printed wiring 
is admirably stated in lucid terms in a 
Ministry of Defense standard, Printed 
Wiring for Electrical Applications, pre- 
pared by the Joint Electronic Stand- 
ardization Committee. As with all Brit- 


Ultrasonic Image Camera 


The ultrasonic “illumination” is switched 
on for alternate frames only, so that be- 
tween each frame there is a change in 
charge distribution on the quartz plate; 
the picture can be reproduced repeatedly 
and moving objects can be followed. 

e The scanning beam is a mixture of 
electrons and ions. The number of elec- 
trons greatly exceeds the number of ions. 
An ion-trap mesh is placed about 1 cm 
from the quartz plate; only ions produced 
in this space are able to reach the quartz 
and they are uniformly distributed over 
the scanned area. When the surface of the 
quartz plate is positively charged it col- 
lects a negative charge from the elec- 
trons; when it is negatively charged, it 
collects positively charged ions. The beam 
therefore stabilizes at the surface cathode 
potential. lon recharging simplifies camera 
tube design in that no mosaic or other sur- 
face treatment is required for the piezo- 
electric plate inside surface. In addition, a 
high vacuum is not required. 

e The outer surface of the quartz plate 
is in contact with a conducting electrode 
transparent to sound which is grounded 
at the illumination frequency (4 mc) but 
not at the signal frequency (0-2 mc). The 
current flow to this electrode is the output 
signal, although the returning beam gun 
current also could be used. 

Because quartz is very anisotropic (the 
thermal expansion in two directions at 
right angles differs by as much as 2 to 1), 
it can only be secured to a metal or glass 
tube structure with resilient cements such 
as epoxy resin. The vapor pressure of 
epoxy resins presents limitations in the 
design of the camera tube electron system. 


ish Government publications, copies 
are easily available from Her Majes- 
ty’s Stationery Office, London, at 3 
shillings per copy. 

e Two additions to the Applied 
Mathematics Series of the National 
Bureau of Standards have been issued: 
Fractional Factorial Experiment De- 
signs for Factors at Three Levels (Ser- 
ies 54) is a sequel to Applied Math- 
ematics Series 48, which contains plans 
for factors at two levels. This new 
document catalogues fractional factor- 
ial experiment plans for experiments 
having 4 through 10 factors which al- 
low the experimenter to choose suit- 
able fractions (1%, %, 47, M41, Mus) of 
all possible combinations for experi- 
mentation. Tables of Osculatory Inter- 
polation Coefficients (Series 56) sup- 
plement previous tables of interpola- 
tion coefficients published in this ser- 
ies. The accuracy obtainable with the 
use of osculatory coefficients in inter- 
polating for functional values is con- 
siderably greater than with other for- 
mulas of equal complexity. Available 
at 30 cents each from Superintendent 
of Documents, Washington 25, D. C. 

e Still another NBS issue is Supple- 


Araldite epoxy cement is used in the pres- 
ent tube and is cured as the tube is baked 
for out-gassing. Components secured by 
the cement are lapped so that very little 
resin surface is exposed to the vacuum. 
The tubes contain residual gas at a pres- 
sure of 106 mm Hg. Tubes made four 
years ago using this technique still have 
satisfactory vacuum. 

e The tube construction consists of a 
4.5-cm diam glass envelope fitted at one 
end with a cathode ray tube gun and 
zirconium getter wire and, at the other 
end, with an ion-trap gauze and the quartz 
plate cemented to the glass. An interven- 
ing annulus of nonmagnetic steel serves to 
maintain an orthogonal electric field in 
the decelerating space. The tube is mag- 
netically deflected and focused. 

With a sound illumination of 4 mc, a 
camera face voltage of 150 my for an inci- 
dent intensity of 1 microwatt per sq cm 
was achieved. The measured resolution 
was 0.5 mm. A 2.5-cm diam quartz plate 
0.07 cm thick was used. 

e@ The accompanying illustration show- 
ing holes in pieces of zinc gauze demon- 
strates the resolution and sensitivity of 
the instrument. The gauze was placed 2 ft 
from the camera; the holes are 3 mm 
apart. This development was conducted 
by C. N. Smyth and J. F. Sayers at the 
Physics Department of Northampton Col- 
lege of Advanced Technology, London, 
with the support of the R. W. Paul Instru- 
ment Fund Committee. This summary is 
based on a paper presented before the 
Institution of Electrical Engineers, Elec- 
tronics and Communications Section, Feb- 
ruary 18, 1959. 
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ment No. 1 to the well-known Hand- 
book, Preferred Circuits, Navy Aero- 
nautical Electronic Equipment, (NAV- 
AER 16-1-519), 106 pp, 60 cents per 
copy, available from Superintendent of 
Décuments. The supplement includes 
five instrument servo circuits, two regu- 
lators, two high-voltage supplies, a 
pulse a.f.c. and a silicon-transistor video 
amplifier. Schematics of each circuit 
are provided, together with character- 
istics permitting ready selection and 
construction; successive pages explain 
use and design methods. 


Microminiature 
Elastomeric Parts 


Compounds that utilize several newer 
elastomeric materials can now be 
fabricated into microminiature parts 
by means of manufacturing methods 
developed by Industrial Electronic 
Rubber Company, Solon, Ohio. Rubber 
bushings as small as 0.050 in. OD by 
0.050 in. high, with a 0.012 in. center 
hole are now being made. Major 
characteristics are superior chemical 
resistance and electrical properties, 
and elevated temperature performance. 
All compounds are free of carbon and 
sulfur to prevent current leakage, 
silver tarnish, or outgassing when used 
in thin sections. The following tabula- 


Solid-State Circuits 
Research Trends 


Areas of primary interest in current 
research and application activities in 
solid-state circuits are indicated in the 
scope of the IRE 1960 Solid-State Cir- 
cuits Conference to be held in Phil- 
adelphia next February. Papers are so- 
licited dealing with circuit properties, 
circuit philosophy and design techni- 
ques in the following categories: 


1. Microcircuit techniques for im- 
proved speed or utilization of vol- 
ume, weight, cost and increased 
reliability. 

2. Solid-state devices performing an 
integrated or alterable circuit 
function (counting, translations). 

3. Significant contribution to art in 
flexibility, bandwidth, gain, sta- 
bility, reliability, ete. 

4. Solid-state memory, storage and 
logic devices such as thin films, 
multi-aperture magnetics,  twist- 
ors, opto-electrics, ete. 

5. Significant contributions to solid- 
state microwave electronics such 
as parametric amplifiers, masers, 
parametrons, etc. 

6. Low-temperature solid-state elec- 
tronics for memory, logic—for ex- 
ample, cryo-electrics. 


Program Committee Chairman is Tu- 


How’s Your 
Technical Chinese? 


The post-Sputnik eruption of a well- 
nigh hysterical demand for transla- 
tions from the Russian technical and 
scientific literature has just about 
simmered down to some degree of 
order and organization, but don’t be 
surprised if a similar phenomenon 
emerges in the foreseeable future in re- 
spect to Chinese literature . Our 
British cousins have already set up 
appropriate services to translate the 
steadily increasing technical literature 
appearing in some 150 Ciiinese peri- 
odicals. Although much of the material 
at present appears to be a selected 
“re-hash” of work originating in the 
West, the potential value of Chinese 
literature should not be discounted. 
The question is asked: “. . . can we af- 
ford to ignore the scientific output of 
a people who used movable type and 
a form of clock escapement centuries 
before they were invented in Europe?” 

The British stress that Chinese in- 
ventiveness will find renewed expres- 
sion in the next decade. In_ their 
opinion, it seems highly desirable that 
attempts should be made to step up 
the teaching of Chinese in Britain while 
at the same time exploring the possi- 
bility of translation by electronic ma- 
chines. 


tion summarizes properties of two dor T. Finch, Bell Telephone Labora- 
compounds: tories, Inc., Murray Hill, New Jersey. —A.E.J. 
SSS 
Compression set at 85 C | 
Temp. | Tensile Elonga- Electric - . 
y range, | strength, tion, Modulus, | strength, 7 : 
Material deg C psi per cent psi vpm 72 hr 1000 hr 3200 hr Applications 
Chlorotrifluoroethylene | —55 to 3100 440 1300 770 18 3 23.1 21.9 Seals, gaskets, bushings, insulating 
and vinylidene } +125 @ 300 percent | percent | percent shields in acid environments 
fluoride per cent original original original 
thickness thickness | thickness 
Hexafluoropropylene —55 to 1500 110 1350 600 0.48 per | 0.65 per | 2.31 per | Seals, gaskets, bushings, insulating 
and vinylidene +175 @ 100 cent weight|cent weight cent weight shields for high temperature, 
fluoride per cent | change change change ozone, abrasion or radiation re- 


| sistance 


—_  - _  ————————————————————— ——— ——— — cee _ _<3:cLT e_—_ 


The J. B. Whitehead Electrical Insulation Award 


Readers of EvreetricaL MANUFACTURING 
articles in the field of electrical insulation 
will be interested in the recent action by 
the AIEE Professional Development and 
Recognition Department in approving the 
establishment of an award in this field. 
The award will have the twofold purpose 
of honoring the memory of Dr. J. B. White- 
head, a world authority in this field, as 
well as stimulating interest in electrical 
insulation generally. Dr. Whitehead died 
in 1954. 

Early in his professional life Dr. White- 
head foresook an industrial career to de- 
himself to the field of 
Starting as an instructor in Applied Elec- 
tricity at The Johns Hopkins University, 
in twelve years he rose to the post of pro- 
fessor of electrical engineering. In addi- 
tion, he founded The Johns Hopkins Uni- 


vote 
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education. 


versity School of Engineering, becoming 
its first dean. He held this post for twenty 
years until he became director of the 
School. His only departure from Johns 
Hopkins during his teaching and admin- 
istrative career was for a two-year period, 
when he took a post as exchange profes- 
sor in France. 

Dr. Whitehead wrote many significant 
papers and several books in the field of 
insulation. He was a Fellow of the AIEF, 
a member of its board of directors and a 
past president. He was also a Fellow of 
the American Physical 


Society and the 


American Association for the Advance- 
ment of Science, a member of the Societé 
Franeaise des Electriciens and of the Na- 
tional Research Council. His close activi- 


ties with the Conference on Electrical In- 


sulation of the National Research Council 
revolved around his chairmanship of the 
Conference for seventeen years. (The an- 
nual meetings of this Conference have 
been reviewed in ExectricAL MANurac- 
TURING for the past twelve years, the latest 
being “Research Progress in Dielectrics 
1958” in the January 1959 issue.) 

In order to finance this self-perpetuating 
annual award, it will be necessary to raise 
$25,000 which would be invested by the 
AIEE. The award would consist of $500 
in cash plus a medal and suitably en- 
graved certificate. Chairman of the fund 
committee is Dr. L. J. Berberich, Westing- 
house Electric International Company, 
East Pittsburgh, Pa.; the treasurer is Dr. 
F. Hamberger, Jr.. The Johns Hopkins 
University, Baltimore, Md. 





Stromberg-Carlson 


“TELEPHONE QUALITY” 


. available immediately for any 
part of your operation that depends 
on electromechanical switching. 

Proven by many years of meeting 
the exacting requirements of the 
telephone industry, these twin-con- 
tact relays of unsurpassed reliability 
are available in many types. The 
following are representative: 

Type A: general-purpose relay with 
up to 20 Form “A” spring combina- 
tions. This relay is excellent for 
switching operations. 

Type B: a gang-type relay with up 
to 60 Form “A” spring combinations. 
Type BB relay accommodates up to 
100 Form “A” springs. 

Type C (illustrated): two relays on 
the same frame. A “must” where 
space is at a premium. 

Type E: has the characteristics of 
Type A relay, plus universal mount- 
ing arrangement. Interchangeable 
with many other makes. 

Complete details and _ specifica- 
tions on all Stromberg-Carlson re- 
lays are contained in our new relay 
catalog. Contents include: spring 
combinations, table of equivalents, 
contact data, variations and special 
features, plus complete mounting 
and cover information. 

The catalog is available on request. 


STROMBERG-CARLSON 


ISION OF GENERAL DYNAMICS CORPORATION 


Telecommunication industrial Sales sc 
z 
117 Carlson Rd. * Rochester 3, N.Y ‘> § 
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Plus or Minus 


Random Comments of the Editors and Readers 


“Fewer—and Better— 
Technical Meetings” 


Our June editorial under this title 
has impelled some reader comment 
both pro and con. The consensus seems 
to be pro. Space does not permit print- 
ing all the letters received, but the 
following two are representative: 


oe Let me tell you how much 
| enjoyed your very fine editorial in 
the current issue of ELECTRICAL MANU- 
FACTURING: it is so completely true. 
We have AIEFE, NEMA, the Electro- 
chemical Society. the Refrigerating En- 
gineers, the ASTM, the Ceramic So- 
many more that I have 
missed. all busily engaged in holding 


ciety, and 


| meetings on some phase of electrical 


insulation. Certainly, the need for a 
clearing house to assign spheres of 


| activity is acute.” 


Harry L. Saums 
Technical Director 
Anaconda Wire & Cable Co. 
Muskegon, Michigan 


“While I sympathize with your view- 


| point in the ELecrricaL MANUFACTUR- 
| ING June editorial against too many 
| technical meetings and while I formerly 
| agreed with it, I must 


point out a 
meetings which 
overlooked by many who 
maintain a ‘national’ viewpoint. In our 
SWIRECO meetings in the 
Southwest we made a spot check of 
attendees and found that for 75% of 
the registrants it was their only meet- 
ing of the year. It was either SWIRECO 
or nothing. It was their only chance 
to hear ‘national’ speakers or to see 
the latest electronic equipment. Read- 
ing about either was and is only a 
teaser. The personal presence and con- 
tacts are vastly more rewarding and 
satisfying. Repetition at least once per 
area is desirable. 


feature of technical 
has been 


recent 


It's not quite the same, but where 
would we be if the Metropolitan Opera 
performed just one week per year in 


| New York City only? Or the Shakes- 
| peare and other great dramas were 


limited in time and place? The New 
York IRE is “The Show”’—let’s put 


| the show on the road for all to see and 


hear. 
Marion A. ARTHUR 
Houston Research Center 
Humble Oil & Refining Co. 
Houston, Texas 


25 Ways to Stop Progress 


Are new ideas shattering your serenity? 
Do suggestions shake your sense of 
security? Try “Road Blocks” and feel 
again. These morale manglers 
from the General Electric “Official 
Road-Block Ticket Book” are guaran- 
teed to stop progress. Tear them out 
and present to fellow employees as 
needed. 


good 


Road Block No. 1 
IT’S BEEN DONE THIS WAY FOR 
15 YEARS—~WHY CHANGE? 
Road Block No. 2 
I KNOW IT WON'T WORK 
Road Block No. 3 


THAT'S JOE’S JOB—NOT MINE 


Road Block No. 5 
COST IS NOT IMPORTANT—JUST 
GET IT OUT THE BACK DOOR 
Road Block No. 6 


WE CANT HELP IT—IT’S POLICY 


Road Block No. 7 
WE DON’T HAVE ENOUGH TIME 


Road Block No. 8 


WE DON'T DO IT THAT WAY 
IN OUR PLANT 


Road Block No. 9 
IT COSTS TOO MUCH 


Road Block No. 10 
THAT’S BEEN TRIED BEFORE 
Road Block No. 11 


ITS TOO LATE NOW—THE 
CONTRACT IS GOING TO END 


Road Block No. 12 
OUR BUSINESS IS DIFFERENT 


Road Block No. 13 
WE'LL COME BACK TO IT LATER 


Road Block Na. 14 
ITS NOT PRACTICAL 


Road Block No. 15 
WE'RE MAKING A PROFIT 


Road Block No. 16 
IT LEAVES ME COLD 


(More on page 14) 
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Alcoa Aluminum 
...2asy to join 
by any method! 


Flash Welding of Alcoa Aluminum is particularly advantageous 
where high-quality, high-strength joints by a mass-production 
process are required ... either aluminum to aluminum or alu- 
minum to copper. Shapes of all kinds made from sheets, tubes, ex- 
trusions, wires, rods and bars may be joined. Joint efficiencies of 
at least 80 per cent on material in any temper are obtained .. . 
100 per cent on annealed alloys. Corrosion resistance of flash 
welds are generally superior to those made by other methods. 


By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. For example... 
Alcoa Aluminum is low in cost... lighter in weight 
... easier to handle ... nonmagnetic . . . corrosion 
resistant... strong in alloys... offers more current- 
carrying capacity per pound .. is easy to spin, form, 
bend, roll... can be cast, forged, extruded or drawn. 

Ask your Alcoa sales engineer to show you how you 
can put the benefits of Alcoa Aluminum into your 
products. Aluminum Company of America, 2130-H 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


Your Guide to the Best 
atcoa &. in Aluminum Value 
ALUMINUM *% 


For Exciting Drama Watch “Alcoa Theatre,”’ 
Alternate Mondays, NBC-TV, and “Alcoa 
Presents,”’ Every Tuesday, ABC-TV 
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PATTERNS IN POWER 


Silicon Rectifiers by Audio Devices establish 
new standards for high power industrial appli- 
cations. Available in current ranges of 25 to 
250 amperes (nominal, single-phase, half-wave 
rating), 50-400 PIV, with positive or negative 
base connections. Hermetically sealed AD Sil- 
icon Power Rectifiers provide users with longer 
life and more efficient operation under high 
temperature conditions. All units, including “2 
amp. and up, now available from stock. For 
engineering data, write, wire or call RECTIFIER 
DIVISION, AUDIO DEVICES, INC., 620 E. DYER 
ROAD, SANTA ANA, CALIF. Kimberly 5-8241. 


IN CANADA: Alex L. Clark, Ltd., Toronto 18, 
OVERSEAS EXPORT: ROCKE INTERNATIONAL 
CORPORATION, New York 16. 
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More Road Blocks 


Road Block No. 17 
WE’RE OVER THE BUDGET NOW 
Road Block No. 18 


LET’S THINK ABOUT IT 
SOME MORE 


Road Block No. 19 
LET SOMEONE ELSE TRY IT FIRST 


Road Block No. 20 
WE HAVEN’T TIME FOR DETAIL 


Road Block No. 21 


THEY WON’T HOLD STILL 
FOR THAT 


Road Block No. 22 
THIS ISN'T THE RIGHT TIME 
FOR IT 


Road Block No. 23 
WE'RE NOT READY FOR IT YET 


Road Block No. 24 
IT DOESN'T FIT IN WITH 
OUR PLANS 


Road Block No. 25 


WE CAN'T HOLD UP PRODUCTION 
FOR THAT 


THIS MONTH’S COVER 


Electrical 
lanufacturing J 


The three elements on this month’s cover 
symbolize the Basic Science and Engi- 
neering article, “The Fundamental Prop- 
erties of Plastics,” beginning on paze 
105 of this issue. In this article the basic 
science of polymers is related to engi- 
neering properties and design functions 
of plastics materials. For the curious, the 
polymer structure at upper left is that of 
phenol formaldehyde, the center drawing 
is a three-dimensional graph of the vari- 
ation in dielectric constant of a polymer 
with temperature and plasticizer content, 
and the schematic at lower right shows 
(top to bottom) four different types of 
polymerization: random, alternating, 
block and graft. 
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Sprague’s new FABMIKA Capacitors can really handle 
the HOT ones! . . . jet ignition, missile controls, 
atomic reactors ... any high voltage d-c power supply 
where high temperature, small size, and light weight 
are important . . . especially where components are 
immersed in a dielectric fluid. 


@ Sprague’s new FABMIKA Capacitors rely on a 
specially processed dielectric for their heat resistant 
properties. Developed through three years of research 
and manufacturing, this dielectric consists of silicone- 
bonded mica paper which can function effectively in 
temperatures up to 260°C and, in special designs, up 
to 310°C. There’s a choice of four standard tempera- 
ture ranges: from—55°C to + 125°C, + 165°C, +200°C, 
and + 260°C. 


TYPICAL INSULATION RESISTANCE 


MQ X uF 


300 (min.) 
100 (min.) 
50 (min.) 
10 (min.) 


Maximum Dissipation Factor: .15% at 400 cy. 25°C. 


#SPRAGUE COMPONENTS: 
od ; 


NEW! 
HIGH- TEMPERATURE 
FABMIKA 


CAPACITORS 


... Standard ratings for 260°C 
-». Up to 310°C in special designs 


@ Radiation resistance is another outstanding char- 
acteristic of FABMIKA Capacitors. They have been 
application tested in reactors under high dosage rates 
without harmful loss of capacitance. 


@ Another important application is 400 cycle a-c 
power supplies where their low dissipation factor 
results in small capacitors with minimum rise in tem- 
perature under operating conditions. 


@ Miniature, high-reliability pulse forming networks 
are still another well tested application. 


@ FABMIKA Capacitors are available in four con- 
structrons: uncased (up to 200°C), uncased and 
clamped (up to 260°C), cast epoxy housing (up to 
200°C), and drawn metal case (up to 260°C standard 
and 310°C special). 


@ For complete specifications, write for Engineering 
Bulletins to the Technical Literature Section, Sprague 
Electric Co., 307 Marshall St., North Adams, Mass. 


SPRAGUE 


the mark of reliability 


.CAPACITORS , RESISTORS ~ MAGNETIC COMPONENTS , TRANSISTORS ,. INTERFERENCE 


FILTERS , PULSE NETWORKS 
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HIGH TEMPERATURE MAGNET WIRE . PRINTED CIRCUITS 
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MEET MRS. PETER PEFF 


...and her company’s new lightweight 
liquid-oxygen “vacuum bottle’ for jet planes 


any a tough problem has been solved by Mrs. Peff and her 
M company since 1952, when she assumed the presidency 
after her husband's death. Specialists in building low-temperature 
apparatus and complete plants to produce oxygen and other gases, 
“Supairco” was asked recently to develop a light, compact con- 
tainer to supply oxygen for aircraft crews at high altitudes. 

Ingenious design utilizing the broad and varied properties avail- 
able in copper and its alloys produced the “vacuum bottle” shown 
above. The inner sphere is of Everdur™ , Anaconda copper-silicon 
alloy, which has the workability and resistance to corrosion needed 
—and, more important, the strength and toughness to make pos- 
sible a relatively thin, light shell that can withstand vibration and 
fatigue stresses aloft—plus shocks from catapult launchings and 
carrier landings. The outer shell is of Anaconda copper, highly 
polished to reflect heat. This, plus a vacuum under .001 microns 
between the spheres, holds liquid oxygen at —297 F. 

Starting with over 100 standard copper alloys, Anaconda can 
provide an almost unlimited number of combinations of useful 
properties. When new and unusual problems arise, use Anaconda 
technical specialists to help you select metals for your needs. Ad- 
dress the American Brass Company, Waterbury 20, Conn. In 
Canada: Anaconda American Brass Ltd., New Toronto, Ont. 50a 
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LEFT: Inside the copper shell in main illustration is this 
slightly smaller liquid-oxygen container made of Everdur, 
the metal that spins and machines readily, is easy to join 
by soldering, brazing, welding. RIGHT: Completed liquid- 
oxygen converter, built by Mine Safety Appliances Company, 
Pittsburgh, Pa., serves 8-man crew. It is one-third the weight 
of the cylinder it replaces, takes much less space. 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
#f received by October |, 1959 


ADVERTISED PRODUCTS OR SERVICES 
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Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 220. 


New Literature 


Latest catalog and bulletin offerings starting 
on page 202 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 180. For Basic Science Reprints, 
see Order Form on page 192. 
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Inquiry Cards from any page in issue 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by October |, 1959 
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PERMIT NO. 16734 


NEW YORK, N. Y. 
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POSTAGE WILL BE PAID BY 
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MILLIAMPERES 
Yimpron 





Rectangular: *, 4%", 5%", Front Adjust Relay: 2%", 3%" 
aos” 4%4"; DC. Rectangular alto.” 





engineered and built to stay accurate... 


Mmprsomn 
« 
ELAPSED Time tMDIC ATOR 


TOTAL fooooe HOURS 





Modernistic: 2%", 3%”, 
4¥%4", 5¥4"; AC, DC, RE 


Elapsed Time: 
32"; 60-cycle AC 


° METERS FOR EVERY NEED 


available from stock 
or custom-built 5205 aeauee rss 44, lil. 


Phone: EStebrook 9-1121 
in Canada: Bach-Simpson Ltd., London, Ontario 
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PUT YOURSELF 

IN FULL COMMAND 
OF INVENTORY 
WITH IBM 

DATA PROCESSING 


What do we have on hand? What 
are our immediate needs? What 
will we need in the future? When 
do we reorder? 


With new IBM inventory control 

methods, you not only answer , 
questions like these precisely, 
but you also keep inventories at 
optimum levels . . . reduce short- 
ages . . . cut inventory carrying 
charges . . . get automatic calcu- 
‘lation of materials requirements 
and ordering quantities. 


Result#of such control? One 
manufactdter cut a 24-day in- 
ventory reporting cycle down to 
24 hours with aAJBM 650. An- 
other realized substantial sav- 
‘Wags by cutting his inventory in- 
ves in half with a®\IBM 


RAMAC* SDS, YS 
ws 


COMPLETE MANUFAC G CONTROL 


Not in inventory control ‘te 
but in every area of manufactur 
ing—from machine scheduling to 
market forecasting, from engi- 
neering planning to cost analysis, 
new IBM techniques are revolu:/\ 
tionizing ennai e 
manufacturing, dp scores of com-» 
‘ panies IM dat processing ays- 
><teths are supplying ingo¥mation 

= once impossible € obtain... ‘ 
closing the,time lag between fact 
and geport ...and reducing the 
7. gvtr-all costs of production. 


All these benefits can be brought 
to your business, too, with meth- 
ods drawn from IBM's many 
years of experience. 


For all the facts on IBM Data 
Processing, and complete details 
on IBM Inventory and Manufac- 
turing Control Methods, call your 
local IBM representative. DATA PROCESSING 
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TOUGH STARTS MADE EASY... 


WAGNER 
REPULSION-START 
INDUCTION 
MOTORS 






MOTOR STARTING TORQUES START HEAVY LOADS WITH EASE 
STAND UP UNDER LONG SERVICE 
USE EXTREMELY LOW STARTING CURRENT 


GET MORE STARTING 
TORQUE WITH THE 
SAME HORSEPOWER 





Starting heavy loads is a natural for Wagner Type 
RA Motors. Widely used for high starting torque 
applications, like farm machinery, compressors, 
pumps and grinders, this rugged single phase motor 
requires very low starting current that minimizes 
light flicker. You get smooth performance with a 
constant high operating speed, even under overload, 
and a flat efficiency curve over a wide operating range. 


MOTOR STARTING CURRENTS 


You practically eliminate service problems when you 
power tough single phase applications with these 
motors. They have unmatched ability to start high 
inertia or heavy friction loads repeatedly and they 
give many years of unfailing service. 


% OF FULL LOAD TORQUE 


AMPERES 


You can get these motors from leading motor dis- 
tributors in your community or through Wagner 
Sales Offices in 32 principal cities. Your Wagner 
Sales Engineer will be glad to help you select the 
right motor for your application. Wagner Bulletin 
ee ee Ce ee MU-220 gives full details on Repulsion-Start- 


Induction Motors. 





WM59-8 


Wadsner Electric Corporation 


6454 PLYMOUTH AVENUE, ST. LOUIS 14, MISSOURI 


SERVING 2 GREAT GROWTH INDUSTRIES...ELECTRICAL...AUTOMOTIVE 
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ELECTRICAL MANUFACTURING 


This Anaconda “first” is still 
155°C (Class F) Polyester 


It's easy to see why: 

It had a good head start because it was the 
first film-coated magnet wire to meet the newly 
adopted AIEE 155°C (Class F) rating. 

It gives you high thermal stability — plus 
excellent abrasion resistance characteristics, 
chemical stability and dielectric strength— 
makes Anaconda Anatherm ideal for you who 
seek maximum performance and reliability 


from smaller and smaller equipment operating 
at higher and higher temperatures. It’s fully test- 
ed for “‘hottest spot”’ temperatures up to 155°C. 

Then, too, it comes in a wide range of shapes 
and sizes. Available in single, heavy, triple and 
quadruple grades of round wires (sizes 8 through 
46) and in a full range of sizes in squares and 
rectangulars. 
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industry’s first choice for 
film-coated magnet wire 


Pree technical booklet gives full infor- 
These then are the main reasons why Ana- mation about Anaconda Anatherm, 
Simply write: Anaconda Wire & Cable 


conda Anatherm is still industry’s first choice Company, 25 Broadway, New York 4, 


for 155°C (Class F) Polyester film-coated mag- are New York. 
net wire. Why it should be yours, too. isa 


ASK THE MAN FROM ANACONDA 


ABOUT 
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Wee SS4CAM SALAS 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 





A switch for fumblers 


Ever try to change a fuse on a 30-amp 
switch in pitch darkness? 

“No—and why should we?” retort the 
designers of many such useful devices. 
“Anyone who doesn’t have a flashlight 
handy for these little emergencies is ask- 
ing for trouble.” 

“Yes—and it was a horrible experience,” 
breathes the designer of this switch. 
“Young son had used up all the flashlight 
batteries at Scout camp. Horrible. Gave 
me the idea fe a switch anybody could 
re-fuse. It we ,, too.” 

This insig!it into the limitations of the 
average American householder is now 
helping to swell demand for the 30-amp 
safety switch pictured here. As you can 
see, the crossbar that actuates the contact 
has been moved to the back where it 
cannot get in the way of fumbling fingers. 

To accommodate the new design, a one- 
piece block of Durez phenolic supplants 
a two-piece porcelain block. The more 
compact block of Durez allows extra 
hand-room for wiring the switch, and 
weighs less without loss of performance. 

Have you an idea for a better electrical 
device? The odds are good that one of 
more than 200 Durez molding compounds 
can give it the exact mix of properties you 
want it to have. To narrow the uncer- 
tainty, see your molder or write us direct. 


Jet-age abacus 


With the help of Durez plastics, man can 
string words and numbers on wire like 
beads and pick them off again in millionths 
of a second. 

His modern abacus is the IBM magnet- 
ic core memory. Thousands of tiny fer- 
rite cores are wired into a frame like the 
one in the middle of this page. In an array 
of these core planes, stacked one atop 
another, electrical impulses alter the mag- 
netic state of cores. A line of cores, some 
altered, some neutral, stands for a word 
or number, awaiting the impulse that re- 
leases it for calculation. 
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® New safety switch idea 


@ Phenolics in data processing 


® What's hot in heat resistance 


IBM engineers needed modern materials 
to bring this jet-age concept into being. 
The frame that supports the cores must 
be an excellent insulator. It must be free 
of internal stress that would cause warping 
or cracking. During assembly it must with- 
stand the heat of dip soldering without 
losing its dimensions. Once assembled, it 
must not shrink or expand. 





International Business Machines Corporation 


For the core frame, designers and mold- 
er chose a mineral-filled Durez phenolic 
that delivers the ultimate in stability, heat 
resistance, dielectric strength, and mold- 
ability, meeting all requirements. 

Other Durez phenolics prove their in- 
born versatility in the molded circuits of 
stepping switches, emitters, and zebra 
plates in new IBM accounting machines. 


How much for a handie? 


No, you don’t really need a slide rule to 
design a coffeepot handle, but it helps. 
This designer, at the moment, is not 
concerned at all with the compound-curve 
esthetics of coffeepot handles. He is sim- 
ply figuring out how many handles his 





molder can make out of 1,000 pounds of 
which molding compound, and for how 
little money. 

With the slide rule, it takes him only 
three and a half minutes to learn that his 
best bet for this handle is likely to be Durez 
1308. Of the many mineral-filled phe- 
nolics we make, this one is in the lower 
gravity range. More pieces per dollar. 

He has already checked into /308’s 
other traits: rich black surface, uniform 
luster, good heat resistance (it withstands 
450°F for short periods), low water ab- 
sorption, flexural and tensile strengths OK. 

His molder confirms the choice, for dif- 
ferent reasons: he can get /308 in four 
different plasticities, can plunger mold it, 
and it cures fast. Looks as if another good 
product is off the ground. 

You don’t design handles? Well, /308 
appears to fit into more heat-resistant ap- 
plications than any comparable material 
ever developed: appliance and meter hous- 
ings, wiring devices, tube bases, sockets, 
coil forms. The list goes on and on. But 
we'll stop so you can talk to your molder 
about /308 for that next hot-spot job. 


For more information on Durez materials, check here: 


anil 


[) 8-page Bulletin D400 lists properties, uses, design advantages of Durez 


thermosetting compounds, Hetron fire-retardant polyester resins, and Durez 


phenolic bonding resins. 


of Durez materials. 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


- 
| | 
| | 
| | 
| | 
() “Durez Plastics News,” mailed periodically, shows and describes latest uses 
| | 
| | 
L 


DUREZ pPLaAstics DIVISION 


1308 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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HOOKER CHEMICAL CORPORATION 






HOOKER 


CHEMICALS 
PLASTICS 


ELECTRICAL MANUFACTURING 
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OILTIGHT LIMIT SWITCH PRECISION LIMIT SWITCH OILTIGHT CONTROL UNITS OILTIGHT CONTROL STATIONS 
Bulletin 802T with sealed heads Bulletin 802 oiltight. Responds Bulletin 800T. Choice of push Bulletin 800T for up to 16 units 
and bodies. Various operators. to very small operator trovel. buttons, lights, and switches. in die cast aluminum enclosure. 


liz 


PNEUMATIC TIMERS OILTIGHT PRESSURE CONTROL STANDARD DUTY PUSH BUTTONS FOOT SWITCH 
Bulletin 849. Reliable and accu- _ Bulletin 836. For hydraulic sys- Bulletin 800. Up to three units, Bulletin 805. In rugged die cast 
rate. For on-delay or off-delay. — tems with pressures to 5000 psi. also pilot lights and switches. housing for toughest service. 


ALLEN-BRADLEY | foren’ 


Ta aCe CONTROL 


Allen-Bradley Co., 1309 S. First St., Milwaukee 4, Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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Get sinusoidal output from a 
+1% static-magnetic stabilizer for 
the cost of voltage regulation alone 
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: == INPUT to CV Transformer: Available point-of-use voltage may vary widely because of line switching ‘ 
disturbances, intermittent in- -plant demand. Input voltage iMustrated varies over the range of 95v » 130v. +} 


* ‘ 
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ourpur from cv Transformer: Output voltage /s regulated within 5 
YS = E +1% of 118v output 7 waaphe moe nee Sern as great as + 15%, 


- a \ t ' + \ \ + t 


Sola now offers sinusoidal output in every standard-type 
regulator with no price premium. This development — 
a result of major design and production innovations — 
greatly widens the field of use for static-magnetic voltage 
regulation. The new standard sinusoidal design is now 
ideal for use with electrical and electronic equipment 
requiring a regulated input voltage with commercial sine 
wave shape — especially where harmonic-free supply 
had previously been too costly. The sinusoidal output 
also contributes to ease of selection and ordering, since 
this Sola stabilizer is virtually universal in application. 


The Sola Standard Sinusoidal Constant Voltage 
Transformer provides output with less than 3% rms 
harmonic content. It automatically and continuously 
regulates output voltage within +1% for line voltage 
variations of +15%. Average response time is 1.5 cycles 
or less. The new line includes nine stock output ratings 
from 60va to 7500va. 


Besides the improved electrical characteristics, these 
units are substantially smaller and lighter than previous 
models. Size and weight reductions were accomplished 
without any loss of performance or dependability. 
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With the Sola Standard Sinusoidal Constant Voltage 
Transformer you also get all the proved benefits of a 
static-magnetic regulator. It is simple and rugged. 
There are no tubes . . . no moving parts . . . no replace- 
able parts. Maintenance and manual adjustment are 
not necessary. 


Its current-limiting characteristic protects against 
shorts on the load circuit. It is available in step-up and 
step-down ratios, allowing substitution for conven- 
tional, non-regulating transformers. These units can be 
used in any electronic or electrical application requiring 
a regulated sinusoidal power source where the peak 
power demand does not exceed the capacity of the con- 
stant voltage transformer. Circuit design formulae 
based on sinusoidal wave shape are directly applicable. 
Custom units to specific requirements are available in 
production quantities. 

Write for Product Bulletin 6H-CVS. 


iS © I rN SOLA ELECTRIC CO., 


4633 West 16th Street, 
Chicago 5O, Illinois 
A Division of Basic Products Corporation 
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from same CV transformer uses expanded horizontal scale 
to picture commercial sine wave shape retained by output. 


OUTPUT from CV Transformer: Oscilligram of output 


forty e1' i; 
Rating, VA 


‘ ‘ \ 4 
Constant Voltage Transformers 


+ 


Catalog 
ial st-19 





23-13-210 
23-25-220 
23-25-230 
23-26-250 
23-28-275 


) 
cq 
fo 
Sees 
© 
Cafes 
YI 
am 
CO 
Seen 
— 
cD 
oO 
CO 
= 
GS 
—_— 
+ 
C. 
CS 
xf) 
YN 
2 
Cue 
Coe 


sola Standard S$ 


New Prices of Sola Standard S 
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Available now 
RCA 


! : 
|DIFFUSED-JUNCTION | 'TYPES 


7 Types for INDUSTRIAL ant aaaee pore — 


Maximum Ratings, Absolte-Maxienum Values: For aah frequency of 60 cycles and with resistive OF inductive load 








CHARACTERISTICS 
FORWARD CURRENT, DC AMBIENT TEMPERATURE at Ambient Temp. of 25°C at Ambient Temp. of 150°C 


Peak RMS oc Max. Forward Max. Reverse Max. Reverse Current 

RCA inverse | Supply | Reverse so0°c 100°C 150°C Surge Voltage Drop (0C) Current (DC) (averaged over one complete [ 
TYPE Voltage | Voltage Voltage | Ambient ambient | Ambient One-Cycie Operating Storage at indicated OC at Max. Peak. cycle) at Max. Peak. 
NUMBERS Forward Current | Inverse Voltage inverse Voltage 


(ua) 


(VOLTS) | (VOLTS) (VOLTS) (MA) (MA) (MA) (AMP) (°c) (°c) (VOLTS) (ua) 


5 


1N537 100 70 100 65 to + 65 to + 1.1 at 500 ma 


1N538 200 200 750 500 65 to +165 | —65 to * 1.1 at 500 ma 


1N539 300 210 300 750 500 65 to +165 | —65 to * 1.1 at 500 ma 





IN540 400 280 400 750 500 65 to +165 | —65 to * 175| 1.1 at 500ma 


wwio95 | 500 | 350 500 750 500 250 65 to +165 | —65 to * 175 | 1.2 at 500 ma 


1N547 600 420 600 750 500 250 65 to * 65to +175] 1.2 at 500 ma 


6 Types for MAGNETIC-AMPLIFIER applications requiring exceptionally low-leakage currents 


iN440-B | 100 70 100 750 500 250 15 165 65to +175} 1.5at750ma 0.3 





1N441-B | 200 140 | 200 750 500 250 15 165 65 to + 





1N442-B | 300 750 500 250 165 1.5 at 750 ma 


1n443-B | 400 500 250 165 } 1.5 at 750 ma 


1n444-B | 500 425 150 } 1.5 at 750 ma 


1nN445-B | 600 150 1.5 at 750 ma 





EXT 
ENSIVE TESTING ASSURES RELIABILITY AND 


LONG LI 
LIFE in these 13 welded, hermetically sealed 


Silicon Rectifier aH the full line of RC 
s designed Silicon Rectifiers ¢ : ne of RCA 
ceadiass g and produced by RCA. : Rectifiers and their special applications 
h-tem ‘ act the RC m0 mn c Ss, con- 
eis es perature dynamic test at full load RCA Field Office nearest vou. For 7 
ent and rated voltage data, write RCA Co - irre or technical 
ae reverse-leakage current test H-54-NN. S ure mmercial Engineering, Section 
© 100% forward characteristic test E nee 
AST 


© 100% pre 
ssure-seal test NEST 
744 Broad Street WES . 
® 100% tem Ne k os 6355 €.W OVERNMENT 
e . wark 2, New Je ashington Bivd 

p rature cycling HUmboldt 5.3900 rsey los Angeles 22, Calif 224 N. Wilkinson Street 

EAST CENTRAL Symons 3-8361 Dayton 2, Ohio 

Den New Center Bidg 64 ae BAldwin 6-2366 

etroit 2, Mich A’’ Street 

TRinity 5-5600 Needham Heights 94, Mass 1625 ‘'K’’ Street, N. W 
valet Hillcrest 4-7200 Washington 0:c. 

A ; Istrict 7-1260 


Suite 1154, M 

erchandise M 

ALS ‘ e Mart Plaza] Chi ; 

O AVAILABLE AT YOUR LOCAL al : cago 54, Illinois. WHitehall 4-2900 
SA 


RADIO CORPORATION OF AMERICA 


© 
SEMICONDUCTOR AND MATERIALS DIVISION 


For informati 
intormation c mcerning 


New Jersey. 


SEMICONDUCTOR DISTRIBUTOR 


* SOMERVILLE, N. J. 
Circle 120 on page 17 





THE MODERN TOOL... 


APES 


AT WORK FOR MODERN INDUSTRY 


nets : 


New! Polyken #292 lies fabric tape with silicon adhesive 
for use in high-temperature applications such as jet aircraft. 


Four new tapes—three thermo-setting, 
one thermo-plastic—have been added to 
the Polyken line. 

That means you can now get a Poly- 
ken tape for almost any electrical use 
you can think of. No more need to 
search among several manufacturers. 

Nice to know, too, that now all Poly- 
ken tapes can be assorted for quantity 
discounts. 

Polyken ... the brand with half a 
century of scientific research and proved 


New! Polyken #158 cotton- New! Polyken #154 acetate 
cloth-backed thermo-setting 
tingtape. Usedinelectricmotor tape, used for small gauge 
coil winding, etc. 


backed electrical thermo-set- 
construction, etc. 
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performance behind it. Find out what 
it can do for you. 

Polyken representatives are among the 
industry's best trained technicians in the 
use and application of industrial tapes. 
They are ready to help you. Check with 
the Polyken Industrial Tape Distributor 
nearest you. Look in the phone book 
under **Tapes”’, or write to Polyken Sales 
Division, 309 W, Jackson Blvd., Chicago 
6, Illinois. (In Canada, write Polyken, 
Curity Ave., Toronto.) 


New! Polyken #293 glass cloth- 
backed electrical thermo-set- 
ting tape is used for electrical 
appliances, etc. 
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Poluken 


INDUSTRIAL TAPES 
me KENDALL comvany 
Polyken Sales Division 


INDUSTRIAL TAPES © PLASTIC FILMS 


@ PROTECTIVE COATINGS 
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testing or monitoring... 


YO U CG A N All Brush Recording Systems reflect advanced 


concepts in design that mean exceptional versatility, 
accuracy and reliability in your data 


me = CS O i? D collecting operations. 


Your most exacting requirements can be met by 
these direct writing systems whether military or 


Fe = Ss U LTS industrial. They display information instantly— give 


you precise data for quick decisions. You control 
re the data you need, exclude the extraneous, and have 
8B ET T E optimum flexibility for future applications not 
yet contemplated. 
Ws T +] Widest choice of equipment in the industry. Ink, 


electric or thermal writing . . . curvilinear or rectilinear 
readout . . . horizontal or vertical presentation 

es +e U & he ... chart speeds from 10 inches/day to 4 feet/second . . . 
complete selection of amplifiers . . . rack mounted, 
bench top or portable configurations. 


A pioneer in instrumentation since 1930, Brush has 
always built for ruggedness and precision. 

Installations are right. Operating manuals contain 
clearly written instructions. Your personnel are 

trained properly. 

In designing, testing or monitoring you can get 

better results from Brush Ultralinear Recording Systems. 
Let’s talk it over. Set a date. We'll be there. 


Write for free informative 

booklet, “New Concepts in 

Recording.”Contains heipful 
» ideas and suggestions. 


INSTRUMENTS Factory branches, service and warehousing 


bonaener es at Arlington, Va., Boston, Cleveland, Los 


Angeles, San Francisco and Seattle; engi- 
37TH AND PERKINS ( CLEWITE ) CLEVELAND 14, OHIO - ver ve 
CORPORATION neering representatives in all key locations. 





NYLCLAD* 
Magnet Wire 
105C (Class A), Vinyl Acetal-Nylon 


Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


1. The toughest film coating of all. 
. Best solvent resistance. 
. Uniformly soft copper for windability and handling. 
. High ‘‘cut-through"’ values reduce shorted turns. 


. Excellent electrical properties for best performance. 


Other Magnet Wires—For Every Requirement 


130C-155C (Class B-F), Polyester-—BELDTHERM* 

105C (Class A), solderable Polyurethone—BELDSOL* 

105C (Class A), solderable Cellulose acetate—CELENAMEL* 

105C (Class A), oleoresinous, P. E.—BELDENAMEL* 

180C-130C-105C (Classes H, B, and A)—SQUARES & RECTANGULARS 


* Belden Trademark 
Reg. U. S. Pat. Off. 


One Wire Source for — 
Everything Electrical and Electronic 


Belden | 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, 
Cord Sets and Portable Cord © Aircraft Wires 
Electrical Household Cords © Electronic Wires 
Welding Cable © Automotive Wire ond Coble 
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THIS NEW 
QUILL-TYPE 


AJUSTO-SPEDE 
DRIVE 


Plus 


THIS NEW 
K-2 CONTROL 
ne en Red tint indicates 
PUSH-BUTTON a adjustable speed member. 


STATION Give You Controlled Adjustable Speed 
S from an AC Power Source 


in a Compact, Low Cost 3-Unit Drive Package 


a 


NANT 


PIONEER IN EDDY-CURRENT EQUIPMENT 


Three compact components, the Ajusto-Spede Drive, the K-2 Control, and 
the push-button station make up this complete drive package which provides 
controlled adjustable speeds for any application from 2 HP through 7'/2 
HP at 1800 RPM, 


Remote wall mounting of the control panel conserves space on the 
driven machine; the push-button station places vital controls at 
the operator's finger tips. 


Standard control features include on-off clutch control, infinite 
speed adjustment, constant speed regulation, and jogging. Any of 
a variety of special features may be easily and economically added 
to the standard control by the installation of a single resin- 
encapsulated circuit. 


Send for complete information covering design and operation of 
the new models ACM-903 and 904 Ajusto-Spede Drives. Read how 
the new K-2 Control provides infinite speed adjustment, on-off 
clutch control, constant speed control, jogging, threading, cascad- 
ing, and acceleration control. 


Our New Bulletin K-2-159 is Now Available. 


©, 
DYNAMATIC DIVISION —————— 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE © KENOSHA, WISCONSIN 
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NEW “CONTACT BRONZE” STRIP KEEPS i \| THE SPRING IN 
FORMED CONTACT PARTS, YET COSTS 


Manufacturers can now form intricate contact parts 
that cost less from Bridgeport’s new ‘Contact Bronze”’ 
strip. High quality is maintained in this new, red color 
alloy strip by the addition of a minute quantity of 
phosphorus, which provides superior spring properties, 
even in hard-to-form parts. 

Specially engineered for the electronics industry, 


These electrical terminals were originally 

made of phosphor bronze. Parts now are 

eecears from Bridgeport ‘“‘Contact 
ronze” 92—at appreciable savings. 


American Electric Switch Division, Clark 
Controller Co., Cleveland, Ohio, wanted 
a lower-cost material for pressure clips. 
Bridgeport ‘“‘Contact Bronze’’ 92 met all 


UP TO 25% LESS! 


Bridgeport “Contact Bronze’ Alloy 92 costs up to 
25% less than metals previously used for this appli- 
cation. If you form or stamp shaped contact parts, 
learn how ‘“‘Contact Bronze” can maintain quality 
at lower cost. Samples and a copy of the “Contact 
Bronze”’ data sheet are available from your nearest 
Bridgeport Sales Office. Call or write today! 4204 


A leading manufacturer of control switches 
needed these fuse clips with special me- 
chanical and daniel sreneetie. Bridge- 
port “Contact Bronze” 92 met the speci- 


specifications ... good electrical conduc- 


fications—at lower cost. 


tivity to reduce heating, superior spring 
and mechanical properties—and all at 
lower cost. 


‘dx BRIDGEPORT BRASS COMPANY 


B dgeport Bridgeport Brass Company, Bridgeport 2, Conn. « Sales Offices in Principal Cities 
5 Specialists in Metal Alumi irconi 
pecialists in Metals from Aluminum to Zirconium 


MADE IN USA 


}O THe STANDARD 
OF AMERICAN INDUSTRY 
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SYNCHRONOUS 
‘MOTORS 


AUTOMATIC MACHINES AND APPARATUS 
needing a simple, efficient, mainte- 
nance-free synchronous motor 


NUMERICAL CONTROL SYSTEMS 
requiring continuous, constant- 
speed traverse and/or incre- 
mental stepping for positioning 


REMOTE. CONTROL SYSTEMS 
using either manually-operated 
or remote positioning control 


SERVOMECHANISMS 

calling for instant starting, 
stopping and reversing charac- 
teristics without slip or chatter 


THE 


SUPERIOR ELECTRIC 


Bristol, Connecticut, U.S.A. 


SYNCHRONOUS MOTORS 


A SLO-SYN is an enclosed, permanent magnet type a-c motor witha slow basic shaft speed of 72 RPM. 


A single-pole, three-position switch can give complete forward, reverse and “off” control because the motor 
has three leads only. The SLO-SYN Motor will start or stop in less than 0.025 seconds or approx- 
imately 1.5 cycles. No need for electrical or mechanical braking because the motor will stop in less than 
5° of shaft rotation. Maximum moment of inertia of a load rigidly attached to the shaft is 1.5 pound-inches’. 
Loads with higher inertia can be started by using a coupling method which allows 5° freedom. Types having 
specially-designed planetary gear assemblies are available to provide speeds of 3.323, 0.665, 0.133 or 0.027 
RPM. Torque on all planetary gear types is 2500 ounce-inches. 


AS A D-C STEPPING MOTOR 


The SLO-SYN Synchronous Motor can be adapted for use as an 
incremental stepping device by the use of a d-c power source and 
a suitable switching arrangement. When used as a control system 
stepping or “inching” motor, d-c electrical impulses are converted 
into either 200 or 400 precise increments of one revolution of the motor 
shaft. The motor will maintain its rated torque for any stepping po- 
sition. Each step is made instantly without slip or clatter because 
no ratchets are used. 


TYPE SSi50 


OV eee "Sagat ont See, Wd tstner cot py has 


RATINGS AND SPECIFICATIONS eee _— 


120 volts, 40/70 cycles, 
1 phase 


OUTPUT SPEED 72 RPM at 60 cycles 
MAX. CURRENT 0.3 ampere at 60 cycles 
TORQUE .......150 ounce-inches 
WEIGHT ......6.5 pounds 


Z screw TvPE TERMINALS 
THE SUPERIOR ELECTRIC COMPANY, Bristol, Connecticut 
Please send SLO-SYN [] Please have your 


..- FOR YOUR FILES 


Request SLO-SYN 
Bulletin giving full 
technical information, ratings 
and specifications. 


Synchronous Motor representative call. 
Bulletin 


name 


company 


THE SUPERIOR ELECTRIC comrany 


‘address 
Briatol, Connecticut, U.S.A. 


city 





Canadian General Electric Co., Ltd. 


New streamlined transformers, molded in 
Epon resins, have superior insulation 

and dielectric strength. Accuracy and 
over-all performance are greatly improved. 


Good-All Electric Manufacturing Co. 


_ , .. New Epon resin-molded 600 UE capacitors 

~~" have superior moisture resistance. Offer 
rugged, trouble-free performance because 
Epon resin assures high dielectric strength, 
low leakage. 


for potting, molding, sealing, encapsulating 


Switcu TO EPON resin-based com- 
pounds for potting, molding, sealing, 
and encapsulating to upgrade the per- 
formance of your electrical or elec- 
tronic units . . . cut costs through 
design simplification. 

Why? Because the excellent physi- 
cal properties of Epon resins eliminate 
the need for conventional containers 
and housings. Size, weight, and com- 


plexity of components are reduced. 


To lower costs and speed up pro- 
duction, manufacturers have moved 
in the direction of automation. In the 
new mixing, metering and dispensing 
equipment, even the most heavily 
filled Epon resin formulations can be 
used for high-volume, rapid-curing 
potting, encapsulating, and sealing 
operations. 


Epon resins can be adapted to a 
wide variety of formulations designed 
to meet your specific needs. Write now 
for full information including a list of 
suppliers of Epon resin-based formu- 
lations and manufacturers of auto- 
matic mixing, metering, and dispens- 
ing equipment. 


SHELL CHEMICAL CORPORATION 
50 West 50th St., New York 20, N.Y. 


SHELL CHEMICAL CORPORATION 


PLASTICS AND RESINS DIVISION 


Central District 
6054 West Touhy 
Chicago 48, Illinois 


East Central District 
1578 Union Commerce Bidg, 
Cleveland |4, Ohio 


Eastern District 
50 West 50th Street 


New York 20, New York 


IN CANADA; Chemica! Division, Shell Oi] Company of Canada, Limited, Toronto 


AUGUST 1959 


Circle 126 on page 17 


Western District 
10642 Downey Avenue 
Downey, California 





aS Us 


manufactures 


the World’s 
Largest Variety of 
ACHR MEN mC) 


This fact is of the utmost importance to every engineer en- CATHODE SLEEVES 


gaged in the design and manufacture of tubes with greater 
reliability regardless of size. 

Whenever tube engineers needed alloys of particular char- GRI DS 
acteristics for cathodes, plates, grids, seals, etc., D-H has 


developed the proper metal compositions to meet their PLATES 
specifications. 
Through vacuum melting and other types of close analysis 
control techniques, D-H research continues at an accelerated GLASS SEALING ALLOYS 
rate to improve the reliability of melt-approval techniques. 


This is the reason for the great diversification of D-H CERAMIC SEALING ALLOYS 


electronic alloys ... the reason why so many engineers turn 
to Driver-Harris for the production of the exact special- 
purpose alloys they need. SIDE RODS 


Prominent alloys of this group are: Nichrome*, Karbo- 
met*, Gridnic*, Therlo*, 499, 599, 152 Alloy, 142 Alloy, SOCKET PRONGS 
146 Alloy and INCO Alloys 220, 225, 330. 


Now several of these are supplied exclusively vacuum MICA STRAPS 


melted; others can be on specification. In all there are now 

over 132 D-H alloys available for electronic and electrical SU PPORT WIRES 
applications. If your alloy need cannot be satisfied by any 

of these, send us your specification and depend on it... 

Driver-Harris will produce it. OTD Res. US. Pat. 08. WELDS 


DRIVER-HARRIS COMPANY 


HARRISON, NEW JERSEY ~~ BRANCHES: Chicago, Detroit, Cleveland, Louisville 
Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco « in Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 
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FIELD-PROVED HONEYWELL COMPONENTS 


for measuring, balancing and positioning applications 


CONVERTERS 


These synchronously driven choppers 
handle d-c signals as small as 10-8 volt. 


Part No. 
Modulation Frequenc 
Switching Action (SPDT) 


Driving Coil Requirements 


Contact Ratin 


Electrostatic Stray Pickup 
Electromagnetic Stray 
Pickup 


Phase Shift 


354210-2 
20-30 cycles 


¢ 
Each contact closed 55% 
(+ 2%) Other actions, as specified 


ELECTRICAL CHARACTERISTICS 


354210-3 354210-1 
40-45 cycles | 50-65 cycles 


Make-before-break) 
of each cycle 


354210-4 


make). Each 

contact closed 

47% of each 
cycle 


6.3 v, 60 ma at rated frequency 


100 microwatts at 6 v max.; 1.0 ma max. 
2 x 10°* volts per ohm of input circuit impedance 
Less than 2 x 10° volts, constant to within 2 x 10° 


Output voltage lags driving phase by 17° +5° 


(Break-before- 


360-440 cycles 
Each contact 
closed 57% of 


each cycle 
(£7%) 
TS v, 94 ma 


at rated 
frequenc 


2 x 10° volts 
constant to 
2x 10° 


Lags drivin 


phase by4 
Sensitive, stable performance. Avail- & 
able with special features such as 
fungus proofing, grounded housing, 
mica-filled base, various contact per- 
centages. Weight: 10 0z. Prices from $39. 


[Symmetry j 
Shielding Shell and coil 
shield, grounded 


through pin 
No. 2 


yj 
Frame and coil shield, grounded through pin No. 2 


Resistive or Inductive 
Output voltage varies less than 2% with rates of vibration from 0 to 10g 


Load Characteristics 
Vibration Resistance 


MOTORS 


Synchronous 
Designed for chart drives, servos and 
balancing circuits, these motors are 
available in three general types: Stack 
type, with easily maintained sectional 
housing; self-lubricated, oil-sealed type; 
and fungus-proofed, oil-sealed military 
motors. Prices from $40. 


*1/6 less at 50 cycles = t Field winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 
All motors are available in two phase and synchronous models 


Sensitivity 
(Micrevolts) 


AMPLIFIERS 


Nominal (Cues ones 


400, 2,200, 

400, 7,000, 

400, 2,200, 
2,200 


POWER SUPPLY—115 v., 60 cycles (fused power line) 

OUTPUT—2 to 18 ma. into 12,000 ohm load 

SENSITIVITY —Continuously variable screwdriver adjustment. Recessed slot protects 
setting 

MOUNTING— Operation unaffected by mounting position 


OPTIONAL FEATURES—(a) thermocouple burnout protection, (b) without de- 
sensitizing adjustment, (c) parallel T feedback, (d) velocity damping, (e) special 
connecting cables and plugs, (f) without tubes, shields, and converter, (g) for 25 cycles. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
Fouts wn Coitiol 


50,000 
50,000 
7,000 


They amplify a d-c or a-c microvolt 
input signal sufficiently to drive one 
field of a two-phase balancing motor. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which sup- 
plies power for the motor. Extremely 
low stray pickup . . . adjustable sensi- 
tivity . . . fast response. Priced from 
$110 to $250. 
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You're hearing all the noise 


you'll ever hear from the new 
WESTINGHOUSE AIR-LINE MOTOR! 


Brand-New and Extra Quiet—Westinghouse Air-Line Motors 
for Air Conditioners 


.. AND FANS...AND BLOWERS...AND UNIT HEATERS... AND—YOU NAME IT! 


Here’s the new Westinghouse 48-frame capacitor-start or shaded-pole 
motor—the quietest, most fail-proof motor you’ve ever had the pleasure 
of using. 

We took away the sound by forcing oil between the nylon washer 
surfaces. Now they ride noiselessly on oil, not noisily on each other! 
(It’s a Westinghouse exclusive. ) 

We’ve eliminated the major source of air conditioner motor failures 
by soldering and wrapping all electrical connections with multiple wind- 
ings of insulating tape. 

And, of course, the entire motor is designed for superior moisture 
resistance—with Mylar* insulation, a corrosion-resistant shaft, and 
double-dipped motor windings. 

There’s more! . . . perfectly flat endbells and recessed bolts to give 
you the shortest motor ever; Permawick lubricating system designed for 
a minimum of five years’ lubrication without reoiling; either plug-in 
terminals or leads, depending on your requirements; and about a dozen 
other features that your local Westinghouse sales representative will be 
proud to show you. 

Let him demonstrate the new Air-Line motors for you right away. 
Or write to: Westinghouse Electric Corporation, Mr. C. D. Jakes, Industrial 


Motor Department, Lima, Ohio. J-03022-A 
*DuPont Registered Trade-Mark 


You CAN BE SURE...1F is Westi nghouse 


WATCH “WESTINGHOUSE LUCILLE BALL DES! APNAZ SHOWS CBS Tv MONDAYS 
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HETHERINGTON 


SWITCHES « INDICATOR 


“RESISTORIZED” 
NEON INDICATOR 


eee to MIL-L-6723 (ASG) 


Keeping pace with the needs of mini- 
aturized, ruggedized, transistorized 
equipment of minimized dimensions, 
Hetherington engineers have found 
space for an internal resistor in an 
indicator light that already is only 
13364” long. It’s known.as the Hether- 
ington L15,000 Series and it’s de- 
signed to MIL-L-6723 (ASG), Draw- 
ing MS25257. With the built-in 
resistor, the unit operates on 115 volts 
using MS25252-NE2D neon lamps. 

If low-voltage incandescent lamps 
are preferred, 1%.” in length can be 
saved by specifying the still smaller 
L14,000 Series, designed to MS25256. 

Both types have corrosion-resistant 
anodized aluminum sockets with in- 
tegral mounting flanges, panel index- 
ing tabs, and two solder-lug terminals. 
Lamps replace from the front by 
unscrewing the wide-visibility lenses. 
Center contacts are large silver-plated 
buttons, internally cachigdantel t0 
resist vibration. 

sComplete specifications on both 
MIL-L-6723 (ASG) lights are shown 
in Data Sheet L-5a. 
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A Controls 


LIGHTS « SPECIAL 


ASSEMBLIES 


New 20-AMP PRECISION SWITCHES 


braced for toughest service! 


Rigidly-braced phenolic cases of 
Hetherington Series S2A 
“HiPAC” Switches pave the way 
toward greater dependability and 
unsurpassed repeatability in crit- 
ical control and positioning cir- 
cuits. Molded-in safety limits 
prevent over-travel damage to 
the blade-type movable contacts. 
Extra bracing around mounting 
holes prevents case distortion 
from excessive mounting pres- 
sures. On the bottom, molded-in 
barriers and cup washers provide 
long creepage paths and positive 


separation between terminals 
and leads. 

U. L. rated “HiPAC” Switches 
are presently available with any 
of eight actuators. All are inter- 
changeable with other precision 
switches of equivalent ratings. 
Quantities for samples or small 
production runs are stocked for 
immediate delivery by over 50 
leading electronic parts distrib- 
utors throughout the country. 

For detailed specifications on 
the “HiPAC” line, write .for 
Hetherington Bulletin S-9. ~ 
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TINY LIGHT with a 


ue of the smallest indicator lights 
ever developed, the Hetherington 
L10,000 Series measures only 1564” in 
diameter by 3564” long. It’s equipped 
with wire leads and a threaded alu- 
minum bushing that mounts in a 
clearance hole for a #10 screw. Secret 
of the L10,000’s midget size is a fully 
moistureproof lamp/lens assembly 


BRIGHT FUTURE 


that is molded to the mounting stem. 

Designed for electronic equipment 
requiring components of minimum 
size and weight, the L10,000 gives 
bright, wide visibility for 60,000 hours 
at 5 volts dc. Many translucent colors 
are available. 

Dimensions of the L10,000 are 
available on request. 
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Company of America 
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Special Designs for Industry 


OLD: Conventional magnet assem- 
bly is larger, heavier, and has a more 
complex soft steel pole tip. 


Crystals in General Electric dual-diameter magnet 
line up in direction of magnetization — provide 


higher energy in the gap area. 


N EW: Smaller, G-E dual-diameter 
magnet assembly gives same gap en- 
ergy ... weighs far less. 


G.E. designs dual-diameter 
directional grain magnets 
to cut loudspeaker size, weight, and cost 


Speaker manufacturers are building thinner, more 
efficient loudspeakers requiring far less magnet vol- 
ume and simplified, lower-cost soft steel return paths. 

The heart of these speakers is a new General 
Electric dual-diameter magnet made from improved 
directional grain Alnico 5. By combining outstand- 
ing permanent magnet properties with a new shape, 
it is now possible to locate the magnet within the 
area of voice coil travel and obtain efficiency and 
compactness never before attainable in hi-density 
level structures. 


Dual-diameter directional grain magnets are just 
one of the exciting new applications made possible 
by General Electric magnetic materials. Each mag- 
net is designed to do a specific industrial job .. . 
and do it better. And even more advanced magnetic 
materials are on the way from General Electric 
that will soon give you a freer hand in new product 
design. If you would like the design assistance of a 
G-E engineer to help with your product, write: 
Magnetic Materials Section, General Electric Com- 
pany, 7804 N. Neff Street, Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL €@ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES @ MAN-MADE DIAMONDS e¢ MAGNETIC MATERIALS © THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 
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1. Six 100 HP D.C. reversible motors work in unison 
to drive the antenna through a wide speed range. 
A blower with its own A.C. motor and filter cools 
the motor. The D.C. feedback tachometer genera- 
tor closely co-ordinates the effort of all the motors. 





Drives designed and built 
by Louis Allis 





2. Control panel receives, co- 
ordinates and limits power 
to give precise selected 
motor speeds from full for- 
ward to full reverse with a 
twist of a knob — without 
shock to the antenna or 
pause in operation. The 
operator selects the direc- 
tion of operation and 
motor speed — the control 
system does the rest. 


d-c exciter 


synchronous motor 


3. Industrial type synchronous motor-driven motor-generator 
set delivers 500 KW of D.C. power to the six antenna drive 
motors, The D.C. exciter and metadyne amplifier provide 
a temperature-compensated, automatic controllable source 
of power to the motor and generator fields. 


Each of six drive motors is geared 
to the antenna bearing. All six are 
used for normal operation; however, 
one could operate the antenna in an 
emergency. Several motors can be cut 
out without impairing antenna rotation. 


New-design news from Louis Allis 


Here’s precise speed control... 
Regulation — 0.25%... 
Response — 0.2 seconds! 


System provides accurate, split-second control for 
rotating radar antenna— another example of complete 
power-package engineering by Louis Allis. 


Today’s high-speed heaven-scanning calls for giant radar tracking units 
with rapid, exact, co-ordinated control. To meet this requirement, Louis Allis 
engineers recently developed a complex power package which combines 

an MG set, metadyne amplifier, d-c drive motors, feed-back equipment, and 
complete controls into an efficient system permitting antenna rotation 

at exact selected speeds. 


Antenna drives may not be your problem — but whatever your industry 
requirement is — steel, paper, mac. etc. — you can rely on Louis Allis 
application and engineering know-how,#@ design and manufacture the 
drive and control system you need. 


Louis Allis expert application specialists are men who know the motor and 
drive requirements and many of the operating problems of almost every 
industry. Make use of their experience and take advantage of the unmatched 
line of Louis Allis standard and special motors and drives to solve your 
next speed-control requirement. 

Get full information from your local Louis Allis District office, or write 
The Louis Allis Co., 428 East Stewart Street, Milwaukee 1, Wisconsin. 

For specific information on Louis Allis adjusteble speed drives and high 
frequency equipment, write for: Bulletin 2000, Select-A-Spede® Drives; 
Bulletin 611-E, Ajusto-Spede® Drives; Bulletin 1500, Electronic 
Select-A-Spede drives; and Bulletin 2250, High Frequency Equipment. 


a“ 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED ORIVES 


LOUIS ALLIS 
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These 
standard bearings 
have special qualities 


—does this mean they cost more? 


Not necessarily. 


* Take the spherical roller 
thrust bearing, for example. 
S0SF bearings of this type can 
carry unusually heavy loads: 
either thrust or combined thrust 
and radial. Unmatched for sin- 
gle bearing performance when | ' ee Angular Contact Bearing 
high thrusts must be carried at pe 
high speed. And they are com- 
pletely self aligning. Because of 
these qualities, engineers choose 
them for heavy-duty applica- 
tions over large angular contact 
ball bearings. 

Yet this standard StF bear- 
ing is competitively priced. Fur- 
thermore, it is promptly avail- 
able in 25 sizes ranging from 
4.3” to 14.9” I.D. 

Moderately-priced, high- 
quality ball and roller bearings 
are continually rolling off 
S0F’s production lines. So 
why not get all the facts on 
those you can use? Just call the 
nearest of our twenty-five sales 
offices. 5927 Re -fag-vioore 


Spherical 
Roller Bearing 


f 
nan | _} 
- 


ly 


TT, 


fh 


EVERY TYPE-—-EVERY USE 


okKF. 


Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearings ee ee ey 


* REG. U.S. PAT. OFF. 


Circle 135 on page 17 ELECTRICAL MANUF ACLURING 





This spitfire is a lady now... 
thanks to the UR Jationar brush man! 


Smut piling up on commuta- 
tors caused constant arcing in 
the 1250KW generators of this 
large smelting plant. The 
reason: improper brush selec- 
“ tion, says “National” Carbon 
R. H. SMITH Brush Man R. H. Smith. 

After analyzing work loads, Ron recommended 
“National” brush grade SA45. Result: no further 
arcing and improved commutation. This results in 


“National”, “‘N” and Shield Device, and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


far easier maintenance. 

Ron Smith is one of many “National” Carbon 
Brush Men serving industrial brush users all over 
the U. S. A. Their technical experience — plus 
“National” long term brush research — make them 
your logical consultants on any brush problem. 

Call your local “National” office or write to 
National Carbon Company, Division of Union 
Carbide Corporation, 30 East 42nd Street, New 
York 17, N.Y. 


UNION 
CARBIDE 


NATIONAL CARBON COMPANY - Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 
OFFICES: Atlanta, Chicago, Dallas, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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Choote the night nelay 


FOR YOUR APPLICATION 


Minimum Mounting Space 


CLASS C RELAY: 


Incorporates many design character- 
istics found in the Class B relay, but 
is only half its width. Use wherever 
quality is mandatory, but space is at 
a premium. Quick- and slow-acting 
types available for operation at up 
to 150 volts d.c. Supplied with two 
to twelve contact springs. 


Special Feature 


SPECIAL-PURPOSE RELAYS: 
The following types of relays are 
available for special design prob- 
lems: Mechanical-Locking Relays; 
*““Micrometer-Adjusting” Relays; 
Video Relays for frequencies up to 
60 megacycles; Bar Relays for the 
simultaneous closing of up to 35 
circuits; Power Relays with carrying 
capacities up to 25 amps at 24 volts; 
Oil Dashpot Relays. 


Minimum Size 
and Weight 


CLASS S RELAY: 

This miniaturized relay saves space 
and reduces weight to a minimum in 
aircraft and similar applications. It 
provides high contact pressures and 
absolute contact reliability under ex- 
treme conditions of vibration, shock 
and humidity. The relay is charac- 
terized by its small mass and low 
self-inductance. 


Automatic 
Control 
and 


Telemetering 


A small switch with a large, flexible 
capacity. For use in almost any d.c. 
application —for impulse-controlled 
response that’s swift and sure —for 
self-interrupted operation that’s 
smooth and trouble-free. Accommo- 
dates up to six 10-point levels. 


Small Size and .. 
Flexibility = 


CLASS Z RELAY: 

Though small and lightweight, this 
relay is designed for service where 
flexibility is the more important con- 
sideration. For all its compactness, 
it has adequate coil volume to per- 
mit slugging for long operate and 
release timing. There are four types 
for d.c. operation, one for a.c., and 
two with snap-action contacts. 


ROTARY 
STEPPING 
SWITCHES 


Larger capacity: 25 points, 12 levels; 
50 points, 8 levels. For any d.c. 
voltage up to 110, or for 115 volts 
a.c. with rectifier. Operation can be 
either impulse-controlled or self- 
interrupted. Available also as pre- 
wired hermetically sealed units. 
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Longest Life, 
Premium Quality 


CLASS B RELAY: 


Designed to provide hundreds of 
millions of dependable operations 
under all mounting and service 
conditions, with unfailing contact 
reliability. Extremely sensitive, twin- 
contact type, with long or short 
armatures. Has a wide range of 
practical timing, will withstand ex- 
tremes of temperature. Finest tele- 
phone-type relay available. 


Alternating-Current 
Operation 


CLASS F RELAY: 

For use on a.c. only, from 16 to 66 
cycles. This class of relay does not 
offer operate or release time delays 
as the d.c. classes do. Types are 
available with spring contacts, snap- 
action contacts, and mercury con- 
tacts. All types will handle heavy a.c. 
loads with small controlling currents. 


MAKING IDEAS 


SPECIAL SERVICES —\f you have a 
problem in automatic control, AE can 
supply completely wired and assembled 
control packages designed to your 
specifications or help you develop en- 
tire systems. For more information write 
the Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. 
Ask for catalog on Relays and Switches 
for Industrial Control and new 32-page 
booklet on Basic Circuits. 
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CLASS E RELAY: 


For designs where space is at a 
premium. Embodies most of the 
features of the Class B relay, with 
a life of 200 million operations or 
more. Twin contacts insure contact 
reliability. Ideal for small-size com- 
puter applications, and where weight 
and space reduction for portability 
is of prime importance. 


“Interlock, On-Off, 
or Program-Cycle 
Operation 


SERIES OCS RELAY: 


A far superior alternate to an inter- 
lock relay wherever shock, vibration 
or field maintenance difficulties may 
arise. The main feature is its use as 
a programming relay that can follow 
or initiate a prescribed series of 
events or cycles, and is, therefore, 
particularly useful in solving auto- 
matic-control problems. 


General Purpose 


CLASS A RELAY: 


This all-purpose relay—sturdy and 
dependable—can be mounted in any 
position, and provides long life and 
reliable operation with only occa- 
sional adjustment. The original 
“work horse” telephone-type relay— 
recommended when the extreme de- 
gree of life and reliability provided 
by the Class B relay is not mandatory. 


Telegraph 
or other 
Polar 
Operation 


SERIES PTW RELAY: 


For high-speed response to polar- 
ized pulses. These relays provide 
maintenance-free service in tele- 
graph-pulse-repeating operation, 
such as teleprinter and digital data 
transmission circuits. Their tung- 
sten-carbide contacts provide billions 
of operations in normal service, 
Operate time is less than 0.001 sec., 
contact bounce less than 8%. 


WORK AUTOMATICALLY 


‘y Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 


% 
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Dylvania 


Oxalloy*28 Wire... 
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EFFECT OF TIME AT TEMPERATURE IN AIR ON THE ELECTRICAL RESISTIVITY OF .010" "A’ NICKEL & OXALLOY Tae 
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—nothing else is so stable, 


for so long, at such 


high temperatures 


OxALLoy 28 is Sylvania’s new copper 
wire clad 28% by weight with a chrome- 
iron alloy. This cladding provides 
excellent oxidation and corrosion-re- 
sistance at high temperatures, making 
OXALLoy 28 extremely reliable during 
prolonged exposure to temperatures as 
high as 1300° F. 


If, in your wire application, high 
conductivity must be maintained for 


YSYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


long periods of time—then OxALLoy 28 
is meant for you. Compare the rate of 
change in resistivity of pure ‘‘A”’ nickel 
and Sylvania’s new OxALLoy 28. 

We would like to supply you with 
complete data on other properties of 
OxALLoy 28, Sylvania’s new clad cop- 
per wire. Write to Sylvania Electric 
Products Inc., Parts Division, Warren, 
Pennsylvania. 
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Sylvania is the only major 
wire supplier with complete 
facilities for both plating 
and cladding wire. This 
makes it possible to provide 
you with an experienced, 
objective recommendation 
as to whether a plated or a 
clad wire is best suited for 
your application. 

In addition, Sylvania’s 
Parts Division offers you a 
complete line of custom 
parts and components, 
*Trade-mark 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fluorescent Components 
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Don’t Tie Yourself Up In Excess Tape 


Save Money with Dutch Brand's new Piastic Electrical Tape 
in 44-ft. Rolis 


Dutch Brand’s new 44-ft. roll of Plastic Electrical 
Tape costs no more per foot than a 66-ft. roll. To 
you, this means less funds sunk in inventory. It 
also means you are not tied up in excess tape foot- 
age that invites waste and pilfering. 

Dutch Brand Plastic Electrical Tape is the easy, 
better way to do scores of electrical maintenance 
jobs. It's thin, strong, flexible... provides a di- 
electric strength of 9,000 volts. Also provides un- 
usual resistance to acids, alkalies, oils, solvents, 
fungus, bacteria, and gases. Made to highest in- 


JOHNS MANVIIL 


PRODYNYU ¢ 


dustry standards. Available in 20’'—44’'—66' rolls. 
Order Dutch Brand Plastic Electrical Tape from 
your supplier today. 


WRITE FOR NEW BOOKLET! 
Looking for new ideas on tape as a 


money-and-time-saver? Ask for 
“Big Four in Electrical Tapes.” 


Johns-Manville Dutch Brand Divi- 
sion, 7800 South Woodlawn Avenue 
Chicago 19, Illinois 


JM Jouns-MANVILLE 
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iF rom Mallory Contact Metallurgy... 


Contact Materials 


 $PECTROGRAPHIC ANALYSIS of contact materials, in the Mallory 


, helps to maintain thorough control over raw materials 
oi ale contact alleys. In the spectrographic analysis an alloy 
is subjected to intense heat. Atoms of the elements give off light 
which is dispersed into a spectrum and photographed. On the strip 
of film shown here, Mallery metallurgists can determine alloy con- 
stituents te a precision measured in parts per million. 


ELECTRICAI 
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for Every Application 


To meet the increasingly exacting demands of 
modern contact applications, research ingenuity 
is constantly at work at Mallory. Using equip- 
ment like that pictured here, Mallory contact 
specialists have created materials like Elkon- 
ite®, a unique combination of conductive and 


refractory materials, that fills requirements 
beyond the abilities of previously available ma- 
terials. From this pioneering effort has come 
a complete line of contact alloys, from which 
you’re sure to find the exact performance and 
price characteristics for your equipment: 


e Elkonite® metals . . . with high resistance to impact, ability to withstand arcing 
. industry’s standard for heavy duty switchgear. 


Platinum and Palladium Elkonium® metals with low and uniform contact resis- 
tance, for voltage regulators and control circuits. 


Silver and Semi-refractory materials with high conductivity and good arc quench- 
ing qualities for heavy duty relays and motor starting service. 


Special copper alloys for current carrying contacts . . . and high resistance to wear. 


Tungsten and Molybdenum .. . extremely hard, with high melting point for 
applications where many “‘makes”’ and “breaks” are required. 


Silver Elkonium® metals . . . wide variety of silver base alloys, for low cost, 
minimum transfer, low and stable contact resistance. 


Mallory contact engineers are well qualified 
to recommend the materials best suited for 
your requirements. A consultation on your 


new or current designs can help you get peak 
performance for your contact dollar. Write 
or call us today. 


pert 


MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 


Mallory Contact Service Gives You... 


f 


Specialized contact assembly methods. Mallory re- 
search has developed many new, cost saving ideas for 
joining contacts and backing members. Shown above 
is a laboratory-precision spot and projection welder 
which helps establish welding characteristics and con- 
ditions, electrodes and fixtures for contact assemblies. 
This, and other contact assembly research facilities, 
assure the best performance in your finished product. 


AUGUST 1959 


Cost-cutting design assistance. On this automotive 
relay contact, for instance, Mallory application engi- 
neers reduced costs by 40%. Original design consisted 
of a screw-machined blank to which a silver alloy disc 
was brazed. In the simplified Mallory design, the sil- 
ver alloy disc is crimped onto the base, using a 
projection on the base to hold the disc in position. 
Result: big saving in price, no loss of performance. 
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RCI EPOTUF ...... nein 


“An ideal resin for potting applications’’ 
says J. R. McRobert, vice president, Novi Equipment Company 


Engine heat, vibration and road shocks present prob- 
lems that must be met and mastered in auto air condi- 
tioning equipment. And the Novi Equipment Com- 
pany, Novi, Michigan, has found that an RCI Eporur 
epoxy resin plays a vital role in the manufacture of its 
air conditioners — successfully seals a copper coil com- 
ponent in the steel magnetic compressor clutch — insur- 
ing dependable performance. 

“The use of Eporur allows a very close tolerance with 
a permanent, rigid seal that prevents copper-steel con- 
tact — and the ‘shorting out’ that would thereby result,” 


explains Mr. McRobert. “Eporur is the ideal resin for 
our purposes, possessing excellent qualities of adhesion 
with the exact electrical properties we require.” 

Manufacturers everywhere are finding increased use 
for Reichhold’s versatile epoxy resins. EPOTUF epoxies 
offer rugged strength, corrosion resistance and superior 
bonding properties that have proven perfect for a 
variety of applications. 

And when you do business with RCI, you can count 
on fast, on-time deliveries anywhere in the country. 
Why not let us know your epoxy requirements? 


ew 9 


REICHHOLD | g 


Synthetic Resins « Chemical Colors « Industrial Adhesives + Phenol 


x 


Hydrochloric Acid « Formaldehyde « Glycerine + Phthalic Anhydride + Maleic Anhydride 
Sebacic Acid + Ortho-Phenylphenol + Sodium Suifite « Pentaerythritol 
« Sodium Pentachlorophenate + Sulfuric Acid » Methanol 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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PARKER-KALON offers three new, improved thread-cutting 
screws for every application in every material 


New, Improved P-K Type F* 


. hardened thread-cutting 
screws developed for use in 
friable, granular or brittle material. 
The pilot, with its five tapping flutes, 
cuts a machine screw thread as the 
screw is turned in. The Type F is 
ideal for making fastenings to fer- 
rous and non-ferrous castings, bronze 
or brass forgings, heavy gage sheet 
metals, structural steels, plastics and 
resin-impregnated plywood. 


“Pentap”. . . the new, 
Improved P-K Type B-F* 


(formerly F-Z) combining the five 
thread-cutting flutes of the Type F 
screw with the coarse-pitch, —__ 
spaced threads of the P-K Ty 

The thread-cutting ‘‘Pentap”’ Ro 
B-F distributes cutting pressure 
evenly, lets chips drop to the bottom 
of the hole, and prevents cracking 
of material. It is designed for making 
fastenings to comparatively thin sec- 
tions and bosses in friable and brittle 
plastics. 


P-K° Type Lt 


. is a completely new and 
improved thread-cutting 

screw developed by Parker-Kalon 
especially for use in Nylon. The Type 
L functions as a combination thread- 
cutting and thread-forming screw in 
that it cuts a small amount of the 
Nylon to allow the full diameter 
threads to form. Type L offers a 
particular advantage in Nylon 
assemblies which must be disassem- 
bled for service, because the P-K 
Type L can be removed and replaced 


without stripping or galling. 
The five cutting flutes on the new, improved P-K Type “F"’ and “BF” 


reduce pressure development by 80 percent! The completely formed 
threads on these screws have sharper cutting edges, and 5 deep flutes that 
are of continuous depth. These features make for better clearance of the 
accumulated material and assure minimum stresses in driving, and avoid 
the possibility of stripping or galling. 


FOR SEMS...and Neoprene or Nylon 
washer STAPS® in thread-cutting and 
thread-forming tapping screws, or ma- 
chine screws in any kind of pre- 
assembled fastener-washer combination, 
P-K can supply them, too! 


FOR SAMPLES OF P-K THREAD-CUTTING SCREWS AND SEMS, 
CALL YOUR LOCAL P-K “BULK-STOCKING” DISTRIBUTOR 


MLCT RU 


Eloi Reale as 


PARKER-KALON DIVISION, General American Transportation 
Corporation, Clifton, New Jersey + Offices and Warehouses in 
Chicago and Los Angeles 


KEEP AMERICAN INDUSTRY AT WORK... BUY P-K.. .MADE IN U.S.A, 


*Patent Pending +U. S. Patent 2,350,346 
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This New UG [Vurmrr 


CLASS 9007, TYPE AW 


Oil-tight construction 
Switch plugs in—in seconds 
Mounts without disassembly 


Wired without removing 
from box 


Reversible plug-in unit 
—can be plugged-in 
with roller arm at either end 


Switch action can be reversed 
by simple 
screwdriver adjustment 


Present installations 
easily converted to plug-in 


Precision switch mechanism 
—only 5° to operate — 
25° overtravel in eitherdirection 


Graduated markings 
around hub of roller arm 
simplify accurate settings 


Same price as standard 


Terminal Block Square D oil-tight limit switch 


wifi! Easily Wired 
Without Removing from Box 


Switch ‘ee Switch 

Mounted Mounted 
Switch on its Base J on its Base = 
Mounted : with ‘ with Let Mounted 
on a5 Conduit Sa Conduit Bon its 
its Left Side at Bottom at Top “0 Right Side 


In any of the above arrangements, conduit can enter at either top or bottom by reversing box position 


EC&M weavy inpustry ELECTRICAL EQUIPMENT. ..NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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SWITCH is SOK to Use! 


SQUARE D LIMIT SWITCHES ARE Desugned 
TO DO HUNDREDS OF JOBS — BETTER! 


SMALL OL-TIGHT LIMIT SWITCH -- CLASS 9007, TYPE AW 


Jje&@ ¢ 


Flush mounting, Surface mounting, : Duplex switch, Flush mounting, 
push rod operated push rod operated Duplex switch, flush mounting, lever operated 


? 


Surface mounting, surface mounting, 


lever arm operated 
roller arm operated push rod operated 


ROLLER ARMS AVAILABLE e@e._. 
IN WIDE RANGE OF o®@e et & @ 
DESIGNS AND LENGTHS... FALL PLB | 


\ st) &l 


eee 


HEAVY-DUTY O1L-TIGHT LIMIT SWITCH -- CLASS 9007, TYPE T 


re 


Transparent plastic 
cover available 
for instant inspection Eleven contact arrangements 
in one switch; Rear shaft design Many sizes and types 
only a screwdriver for inaccessible of operating arms 
is required 


WIDE VARIETY OF BASE PLATES { \ 
AND ; . 
MOUNTING HOLES... ae, 


W rile for BULLETIN 9007 AW to Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 


Continuously 
adjustable lever arms, 
up to 80° overtravel 
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FIRST, BULLETIN 20 


This informative book- 
jet will get you off toa 
good start on the 
values, techniques and 
economies of low- 
temperature silver 
brazing. A copy awaits 
your request. 


Handy & Harman 

Sil-Fos Silver Brazing is 

Used by Induction Motors Corp. 
in 5427 Different Motors 


Induction Motors Corp. of Westbury, New 
York, and Maywood, California, has built an 
outstanding reputation as a designer and 
manufacturer of sub-fractional horsepower 
motors...for 5427 high performance reasons. 


This large variety of motors, blowers and 
fans for an equally large variety of applica- 
tions, stems from 15 basic motor frame sizes, 
depending on length, pole materials, wind- 
ings, groove angles and the like. 


Handy & Harman silver alloy brazing is con- 
cerned with brazing the rotors. Each rotor 
(whatever the size) is joined by a preformed 
ring of Handy & Harman SIL-Fos, by induc- 
tion heating — at an alloy cost that is reck- 
oned in pennies. For example, the alloy cost 
per %” frame is two cents per joint, or four 
cents per complete assembly. 


That’s an example of the economics of silver 
alloy brazing. Performance requirements are 
quite another thing — and they are unques- 
tionably stringent. Many of these motors are 
used in aircraft and missile work and must, 
of course, meet the most extreme environ- 
mental conditions. 


Strength alone would be reason enough to 


discuss the merits of silver alloy brazing... 
and to point out as a reason for its wide 
acceptance throughout industry. The facts 
are that there are many more benefits; gas- 
and leak-tightness, thermal and electrical 
conductivity, ductility, and production econ- 
omy — are all joint qualities of silver alloy 
brazing. At any time, we will be happy to 
discuss any or all of these qualities (and 
others), as applied to your product or pro- 
duction method. The benefits are large and 
you can enjoy them. 


SOURCE OF SUPPLY 
AND AUTHORITY 
ON BRAZING ALLOYS 


HANDY & HARMAN 


General Offices 
82 Fulton Street, New York 38, N. Y 


Distributors in Principal Cities 


© Bridgeport, Connecticut « Chicago, Illinois «¢ Cleveland, Ohio «¢ Detroit, Michigan « £1! Monte (Los Angeles), California 
Oakland, Californis * Providence, Rhode isiand + Toronto, Canada «* Montreal, Canada . 
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Tailor-made rubber and flexible vinyl parts produced through Ohio Rubber 


“Customeering” for original equipment in every industry. 


How OHIO RUBBER fashions 
more profitable PARTNERSHIPS 


An Ohio Rubber “Customeering” engineer may 
start with your blueprint, but he begins saving you 
money after he checks your performance require- 
ments—what you need, where and how you'll be 
using your component part. 

Your savings start with his recipe for the material 
which goes into your part. Only the essential prop- 
erties required for the better performance of your 
product will be included—you will not be buying 
properties you don’t need. 

The ORCO engineer’s recommendations for 
feasible design modifications will further help pro- 
duce a better part, frequently at big savings to you. 


Combined with Ohio Rubber’s integrated mold 
and die service, complete facilities for molding, 
extruding, and bonding to metal, here’s a profitable 
partnership you may want to consider for your 
custom-made parts of rubber, synthetic rubber, 
silicone rubber, polyurethane, or flexible vinyl — 
one that offers all the advantages of single source 
control and responsibility. 

Suggestion: The more complete story behind 
Ohio Rubber’s long-standing and profitable part- 
nerships with leading original equipment manufac- 
turers is more fully told in ORCO Bulletin 715. 


Write for your free copy today! 9MP1 


THE Qnio RusserR COMPANY 


WiLLouGcusey, Ouio 


i 


A DIVISION OF THE EAGLE-PICHER COMPANY 
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GROUND SUPPORT EQUIPMENT 


A Proven Kearfott Capability — Kearfott’s prominence in the design and production of 
ground support equipment is a result of 15 years’ experience in producing precision servo systems, 
computers, gyro reference systems and inertial guidance equipment. Kearfott test equipment 
is designed on modular principles which increase flexibility and economy and eliminate the 
obsolescence factor since modules can be readily modified or replaced. Modules are designed to 
be compatible with one another, thus providing test capabilities for a wide variety of applications. 


IN-PLANT TEST EQUIPMENT: Rack-mounted modules comprise the 
necessary metering Circuits, signal generators and power supplies, 
switching circuits and junction boxes to perform the following tests 
on inertial reference systems: 

Voltage and phase « Current « Heating cycle checks ¢ Verticality of plat- 
form in ground erection mode ¢ First order erection time in ground erection 
mode e Measurements of platform roll and pitch output angles in ground 
erection mode « Measurements of free drift of platform in azimuth in 
ground erection mode « Measurement of azimuth gyro torquer scale factor 


in ground erection mode 


Inertial Guidance System Test Console 


FIELD-TYPE TEST EQUIPMENT: Modularized, self-contained unit 
that provides all power and signal voltages to operate, test or trouble- 
shoot a gyro. All inputs to and outputs from the gyro are accessible 
at convenient jacks where connections to measuring equipment can 
be made, thereby enabling operator to evaluate gyro performance 
completely. Modules are slide-mounted for ready access if repair, 
modification or product improvement replacement are required. 
This portable equipment performs these basic tests: 

Insulation resistance « VW arm-up time « Torquer scale factor measurement 
Gyro transfer function e Free drift « Gimbal offset drift « Continuity 


Signal Generator Null « Phasing ¢ Gyro drift ¢ Fixed torque restraint 


Floated Gyro Test Console 


GENERAL PURPOSE DATA PROCESSING: J his data handling system 
provides a reliable, precise means of monitoring, logging and perform- 
ing an alarm function of up to 200 separate temperature, pressure, 
liquid level or flow transmitters. Manual controls are provided for 
scanning rates, automatic or manual logging, data input relating to 
operator, time, day, run number and type of run. 200 numbered lights, 
corresponding to specific points being maintained, provide a visual 
“off normal” display for operator’s warning. This system has growth 
built in and can be expanded in capacity to 1024 points and in scan- 


ning rate to 2000 points per second. 


Scanalog 200-Scan 
Alarm Logging System Write for complete information on Kearfott’s ground support equipment. 


Engineers: Kearlott offers challenging opportunities in advanced component and system development. 


A 
ay Ke GENERAL 
ae barfot | S28 
COMPANY 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


y , sey : _< " . A subsidiory of General Precision Equioment Corporation 
VTVM-PSVM High-Speed Automatic Soles ad Captaberinn Diltices FE Wain dve Cittion, 94.3 


Precise Angle Ohmmeter Midwest Office 23 W Calendar Ave. La Grange, Il! 


Row South Centra! Office 6211 Denton Drive, Dallas, Texos 
Indicator Module Module West Coast Office. 253 N. Vinedo Avenue, Pasadena, Calif, 
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MINIMUM 0O.D.! 


NARROW WIDTH! 


MAXIMUM BORE SIZE! 


Hoover announces 3LO0O extra light bearings 


Now, America’s quality bearings come in com- 
pact proportions designed to save space! Hoover’s 
new 3L00 series extra light ball bearings provide 
the solution to bearing problems calling for maxi- 
mum bore size and minimum housing area. They 
have outer diameter and width dimensions that 
are substantially smaller than those of standard 
light, medium or heavy series bearings of equal 
bore size. 

Hoover 3L00 extra light ball bearings are 
available in a wide range of popular sizes in open, 
shielded and sealed types, including lubricated- 
for-life bearings with Hoover-developed contact 
seals of TEFLON. For complete information, return 
the coupon below. 


[ooouwe4»n 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 


Sales Offices and | 2020 South Figueroa, Los Angeles 7, California 
Warehouses: | 290 Lodi Street, Hackensack, New Jersey 


— oe oe ee ee ee ee ee ae 
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Hoover quality is outstanding! 


Micro-Velvet balls are made of 
selected high-carbon chrome alloysteel, 
uniformly hardened, and finished so 
perfectly that roundness and diameter 
are accurate within millionths of an inch. 

Hoover Honed raceways, on both 
inner and outer rings, are super-smooth, 
superbly finished. Precision matching 
of ball complements and raceways 
assures hushed quietness, long life, 
superior Hoover performance. 

Micro- Velvet and Hoover Honed are Hoover trademarks. 
TEFLON isa DuPont trademark for its fluorocarbon resins. 


! 
4 


Hoover Ball and Bearing 
$400 South State Rood, Ann Arbor, Michigan EM-8 


Pleose send new Bulletin 108, which describes Hoover 
3100 entre light bearings. 


Company 


Cay 
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platinum clad tungsten wire 
is most efficient for high 


temperature applications 


pomesTK 


BAKER PLATINUM DIVISION, 
REFINING 
~ ANIE®S ABROAD 
LONDON, 
INDUSTRIE ENGELHARD S.P. A. ROME, 


SOUTH 


64 


ae 


mh 


Mh 


Platinum clad tungsten wire is ideally suited to 
modern requirements for high power vacuum tube 
grid and other high temperature applications. 
Because of its superior physical properties at el- 
evated temperatures, tungsten provides the more 
rigid, refractory core material required by high 
power tubes; it also exhibits lower interaction 
with platinum. Unlike molybdenum, platinum clad 
tungsten is readily hot-stretched to take a perma- 
nent setting and lends itself to fabrication into 
grids employing conventional fixtures and spot 
welding procedures. Available in diameters from 
.001” and up. Write for Technical Bulletin. 
BAKER PLATINUM DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 
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BAKER 
PLATINUM 
DIVISION 


DIVISIONS 
CHEMICAL DIVISION, 
DIVISION, D. E. MAKEPEACE DIVISION, 
ENGELHARD INDUSTRIES OF CANADA, 
ZURICH, 


NATIONAL Et 
LTD 


ECTRIC 


ENGELHARD INDUSTRIES A. G 


AFRICAN FOREST INVESTMENTS LTD., SOUTH AFRICA, 


< 


' Wee 
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WRITE FOR LITERATURE 


LTD 
LTo 


CORPORATION, 


HANOVIA LAMP 


ENGELHARD INDUSTRIES OF 
MELBOURNE, 


\ 


TUTE 


precious metal 
contacts for 
high-reliability 


For high-reliability and long operating life, pre- 
cious metal contacts in pure or alloyed forms of 
silver, platinum, palladium and gold are very 
definitely indicated. These contacts provide un- 
matched high resistance to atmospheric corro- 
sion, deformation, arc erosion, binding and metal 
transfer. Baker precious metal contacts are sup- 
plied as wire, rod, sheet and in a complete line 
of fabricated forms. Facilities are also available 
for manufacture to your specifications. Write for 
Baker Contact catalog. 


BAKER CONTACT DIVISION * 207 GRANT AVE., E. NEWARK 
HARRISON P. O.,N. J. 
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BAKER 
CONTACT 
DIVISION 


DIVISION, HANOVIA LIQUID GOLD DIVISION, 
RESEARCH AND DEVELOPMENT DIVISION, H. A 
QUEBEC, MONTREAL, 


SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S. A 
ASSOCIATED COMPANIES 


LTD 


JOHANNESBURG 


CHARLES ENGELHARD, INC., NUCLEAR CORP. OF AMERICA, 


ELECTRICAL MANUFAC 


ENGELHARD ‘INDUSTRIES, 


AMERICAN PLATINUM & SILVER DIVISION, AMERSIL QUARTZ DIVISION, BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 
EAST NEWARK INDUSTRIAL CENTER 
INSTRUMENT DIVISION, 
TORONTO, 
ENGELHARD INDUSTRIES PTY., 
ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, 
AZOPLATE 


IRVINGTON-BAKER 
WILSON DIVISION. 


LTo. 
BOGOTA, 


ACME TIMBER INDUSTRIES LTD., 
INC., 


U.S.A. 


TURING 





for low cost 
purification and drying 
of hydrogen and 

other gases 


The Deoxo Catalytic Purifier is combined with 
an extremely efficient automatically operated 
drying unit to provide oxygen-free hydrogen 
that is ideally pure and dry. The combined units 
are identified as the Deoxo Dual Puridryer. It 
supplies hydrogen with less than one part oxy- 
gen per million — dried to a dew point of 
—100°F. No inert gas purging is needed. The 
Deoxo Dual Puridryer can also be used with 
other gases such as: Nitrogen, Argon, Helium 
and saturated hydrocarbons, with equally fine 
performance. Write for descriptive literature. 


CHEMICAL DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 
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CHEMICAL 
DIVISION 


platinum clad 
sheet, tubing and wire 


for low cost 


corrosion-resistant equipment 


Platinum clad sheet tubing and wire make it pos- 
sible to incorporate all the important corrosion 
resistant qualities of the noble metals in equip- 
ment, at minimum cost. Platinum clad is pure plat- 
inum or an alloy of platinum so securely bonded 
to a base metal body that the composite metal 
can be fabricated. The gauge of the platinum 
metal can be specified to requirements. The pro- 
cess guarantees continuous pin-hole-free plati- 
num cladding to withstand high temperatures 
without oxidation, 


BAKER PLATINUM DIVISION * 113 ASTOR STREET 


NEWARK, N. J. 
Circle 151 on page 17 
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Firing Sequencer 
with 762 

CLARE RELAYS 
gives automatic 
control 


Automatic control of the countdown at 
the Air Force’s Cape Canaveral Missile 
Test Center—from X minus 90 minutes 
to 10 minutes after a missile is fired— 
is in the hands of a Milgo Model III 
Sequencer. 
The Sequencer, built by Milgo 
Electronic Corporation, Miami, Fla., 
automatically controls the myriad 
operations which must be performed 
before any missile can be launched. It 
is preprogrammed to recognize the 
precise condition that must exist during 
each of the operations it controls. 
When any other condition is detected, 
it will automatically hold fire until the 
condition is corrected. In a recent 
instance, it saved a Titan prototype 
which developed a malfunction after 
firing but before actual takeoff. 
Another of these sequencers is being 
built by Milgo for installation at the 
Pacific Missile Range, Vandenberg Air 
Force Base, Calif. 
Milgo engineers selected 762 Clare 
Type J and Type HG Relays for this 
supremely important device, and not 
one has ever malfunctioned. Here is 
convincing proof that, where the safety 
Front view of Model Il! Se- of personnel and of valuable equipment 
quencer which uses 762 CLARE is at stake and the utmost accuracy is 
Type J Relays and 14 CLARE demanded, a designer who rides with 
ene oe Clare relays can rest assured that he has 
, , chosen wisely and well,—not necessarily 
the cheapest relays but certainly the very 


View of control rack of Model ill 
Sequencer showing 56 CLARE 
Type J sealed relays. 


HOLDAIRE CIRCUIT 


pas COUN! 
eC 


C. P. Clare & Co., 3101 Pratt Bivd., Chicago 45, Il ; 
In Canada: C. P. Clare Canada Ltd., P. O. Box 1 w, Ontario. 
Cable Address: CLARELAY 
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Accurate, Consistent Performance 


TRUFLEX uC 


Thermostat 
Metal 


Meets General Electric’s 
i a ‘i To new or regular users of thermostat 
High Material Performance Requirements ___ wetal, Metals & Controls has much to 


offer — over 60 types of TRUFLEX Ther- 
for New CIRCUIT BREAKERS mostat Metal (resistivity from 15 to 850 
ohms per c.m.f.) — complete technical 
literature on TRUFLEX — help with 
parts design — calibrated samples. Our 
competent field engineers will gladly 
call at your request. No obligation. 


The new G Electric ‘“Twin’* i 
eneral ectric win Write today. 


Circuit Breaker for household applica- 
tions combines two rugged breakers into 
a single one-inch case to allow up to twice 
as many circuits per load center. Because 
quality and dependability are a must, 
General Electric Circuit Protective De- 
vices Department used TRUFLEX Ther- 
mostat Metal parts in their Type TR 
“Twin’’* Circuit Breakers. 


TRUFLEX is available in cut strips or long-length coils to meet your 
needs, or can be furnished in formed elements or completed assemblies 
fabricated to the most exacting parts’ specifications. Either way you get 
accurate, consistent performance with TRUFLEX because every repeat ae: 
order is an exact duplicate of the original — dependably uniform in A few typical TRUFLEX formed elements fabricated for 


activity, temperature range, electrical and corrosion resistance. many Metals & Controls’ customers. 
*“T win” Registered Trademark General Electric Company 


METALS & CONTROLS 


1908 FOREST STREET, ATTLEBORO, MASS., U.S.A. 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


GENERAL PLATE PRODUCTS: Clad Metals » Electrical Contacts + Truflex@ Thermostat Metal + Platinum Metals ~ Reactor Metals + Radio Tube & Transistor Metals 
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ACTUAL SIZE 


1 HP 1800 RPM 
ENCLOSED 
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General Electric Thinline Motor — 


SHORT, LIGHT AND VERSATILE 


You can easily eliminate one of your motor installa- 
tion problems with General Electric’s new polyphase 
motor for limited-space mounting. 

Up to eight inches shorter and 26 pounds lighter than 
standard flange-mounted motors, General Electric’s 
new Thinline motor will let you meet your horsepower 
requirements in considerably reduced installation space. 
By getting more horsepower in less space, you will be 
able to design more compact equipment in the future. 
On your present equipment, the Thinline motor’s 
smaller overhang reduces required equipment space 
or gives operators more working area. 

Easier to handle and position during installation, 
the Thinline motor minimizes mounting problems. 
Your assemblers will be able to work faster with less 
fatigue. And the 26-pound weight reduction lets you 


INTERCHANGEABLE FLANGE DIMENSIONS 
Outside Diameter of Flange in Inches 
__ Standard | Modified “D” 
10.25 iW 12 
2 10.25 





Alternate _ ; 

| 
1% and 2 hp | 
3 hp 
Shp | 


5 hp 


save substantially on shipping costs! 

A wide choice of enclosures and mounting dimen- 
sions adds versatility to the Thinline motor’s flange- 
type design. Thinline motors are available from 1 to 5 
HP in both dripproof and totally-enclosed constructions. 

Mounting versatility is provided by your choice of 
three mounting flanges for each Thinline motor rating. 
Any of the three available flanges (see the chart below) 
can be used for all-angle mounting—without adding 
to motor length. 

You can get the answer to your Thinline motor appli- 
cation question simply by calling your nearby General 
Electric Apparatus Sales Office. If you have not re- 
ceived your copy of General Electric’s Thinline motor 
publication, write to Section 840-28, General Electric 
Co., Schenectady, N. Y. Ask for Bulletin GEA-6927. 


KNOWN APPLICATIONS 


Fans and Blowers Floor Machinery 


Food Machinery Paper Machinery 
Textile Machinery Pumps and Compressors 


Machine Tools and Metalworking Machines 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 


Circle 154 on page 17 





= VA @ 


CON © 


... With 


LOW COST 
EYELETS 


: ‘“ oe - NEW FUNNEL FLANGE eyelets designed especially as connectors for 
Eyelets give you unlimited opportunities for savings PW boards. Solves two-sided circuitry and solder problems, Speeds 


as connectors, fasteners, terminals, bushings, contacts insertion. Are fed and set automatically on United Machines, 
for switches and hundreds of similar applications. Only 

with United Eyelets do you have such a wide choice of 

standardized sizes, special designs for cutting costs on 

unusual production problems, combined with a com- 

prehensive line of the most versatile eyelet setting ma- 

chines available. 

In no other way can you get the flexibility obtainable 
with eyelets at comparable installed costs. Call or write 
us today for more information. Our national sales and 
service organization is ready to help with your most 
challenging problem. 


NEW MINIATURIZED EYELETS os CUT COSTS WITH SHEARED EYE- 
connectors and fasteners for low cost, LETS os stond-off terminals. Set as 
high speed insertion in components, P W many as 3000 terminals per hour. 
boards, miniature equipment. Designed Cuts soldering time too. 

for high speed automatic feeding with 


United Machines. Copper or brass 5 
Simultaneous multiple eyeleting from either or both sides of machine. 


Typical six eyelet application illustrated. 50 years’ experience is your 
assurance of complete dependability. 
ino 
Standerdized 
Eyelets 


only 7 sets 
of tools for 
ol 65 sine 
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UNITED SHOE MACHINERY CORPORATION 
NEW EYELET SELECTOR — FREE Boston 7, Massachusetts * Liberty 2-9100 


Bronches: Atlanta, Ga. * Chicago, Ill. * Cincinnati, Cleveland, Columbus, Ohio * Dallas, Texas * Harrisburg, Pa. * Johnson City, N. Y. * Los Angeles, Colif. 
Lynchburg, Va. « Milwaukee, Wisc. « Nashville, Tenn. «© New York, N. Y. © Philadelphia, Pa. « Rochester, N. Y. © St. Louis, Mo. 
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Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


—T 


Need color in a weather-resistant rubber product? 


PARACRIL® OZO will give you all the color you want...any 
color...permanent, gleaming color for every kind of rubber 
product, from electric wire to oil pump hose to shoe soles. 
Now you can give your product powerful extra selling 
features ...color that attracts, that warns, that identifies, 
that helps emphasize or hide. 
Along with color, PARACRIL OZO gives you a combina- 


tion of weather resistance, abrasion resistance, oil resist- 
ance, flex life and other valuable rubber properties far 
surpassing conventional weather-resistant rubbers. 

See if your product doesn’t call for PARACRIL OZO. 
To find out more about this proven new rubber and the 
properties it offers your product, contact your Naugatuck 
Representative or write us today. 


Naugatuck Chemical 


842P Elm Street 
ugatuck, Connecticut 


Division of United States Rubber Company na 


Rubber Chemicals » Synthetic Rubber - Plastics Agricultural Chemicals - Reclaimed Rubber - latices 


CANADA Naugatuck Chemicals Division, Dominion Rubber Co, Ltd. Elmira, Ontario 


CABLE Rubexport, WY 





PLAIN CUP MOUNTING 


FORMED CUP FOR 
MOUNTING ON TUBING 


FLANGED CUP FOR FLAT 
SURFACE MOUNTING 


THERMOSTATS ILLUSTRATED IN FULL SIZE 


KLIXON 20420 SERIES 
SEALED THERMOSTAT 
Small, Rugged, Dependable Controls at LOW COST 


The new KLIXON 20420 line of thermostats offers 
high quality performance at low cost, particularly in 
applications involving refrigeration, air conditioning, 
heat pumps, where sealed construction with heavy 
duty electrical switching is required. 

Like other Spencer disc type controls, the KLIXON 
20420 gives inherently snap acting thermostatic re- 
sponse, with fixed temperature settings calibrated at 
the factory to meet specific application needs. 

SPST and SPDT switching are available in auto- 


matic reset types. Switch action is clean and depend- 
able, even when subjected to shock and vibration, 
and is unaffected by mounting position. 

The KLIXON 20420 line is contained within a cop- 
per cup for rapid temperature transfer, with choice of 
bottom flange for flat surface mounting or formed cup 
for mounting directly on tubing as illustrated above. 
Sealing is accomplished with baked epoxy resins to 
exclude air-dust-moisture. Full details in Technical 
Data Bulletin THSN 22 available upon request. Write: 


METALS & CONTROLS 


3608 NORTH MAIN ST 


VERSAILLES, KENTUCKY 


A DIVISION OF TEXASINSTRUMENTSINCORPORATED 


VERSAILLES PRODUCTS: Klixon® and Ampli-Tube Thermostats 
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Fulfilling the Need to Know 


WE ARE PRESENTLY in an explosive era of tech- 
nological change. First the exploitation of nu- 
clear energy and then the military necessity of 
rocketry development and with it the broader 
field of space travel not only have confronted sci- 
entists and engineers with wholly new problems 
but have also stimulated new approaches to the 
more conventional ones. Overnight, the physicist 
has become a key man. He split the atom and 
gave us solid-state theory upon which the new 
electronics age is being built. But no theoretical 
physicist ever built a practical device. It still 
takes design engineers to reduce theory to prac- 
tice. The problem is how to train men for that 
role in this new environment—both in college 
and on the job. 


In engineering colleges traditional concepts 


as to what subject matter should constitute a 
course in electrical, mechanical, aeronautical 
or civil engineering are being cast aside in 
favor of common-core courses in engineering 
science and away from so-called vocational 
courses. For one thing, the rigid cells into which 
engineering has traditionally been divided are 
beginning to break down as all fields become 
broader and broader. Civil engineers use digital 
computers to design bridges and aeronautical 
engineers use electromagnetic theory to control 
plasma arcs in the application of magneto- 
hydrodynamics to wind-tunnel work. In other 
words, technical problems encountered today 
often span several disciplines. 

By the same token, as one digs deeper into 
the nature of matter, he finds more of a common 
core. It takes the theory of solid-state physics 
to explain the phenomena of semiconductors as 
well as electromagnetism. Many electrical de- 
vices can be explained on the basis of the inter- 
action between charge carriers, their fields and 
materials. Materials are best understood in the 
light of new concepts in molecular engineering 
the technique of creating wholly new materials 
to meet desired physical and electrical proper- 
ties. 

Massachusetts Institute of Technology was 
among the first to re-orient its undergraduate 
course in electrical engineering along these 
lines of a broader grounding in science for 
engineers. New text books have been and are 
being written. New laboratory equipment has 
been devised such as the generalized electrical 
(rotating) machine in which the theory of a-c 
and d-c motors and generators can be demon- 


strated with respect to fields. Much greater 
emphasis is being placed on materials. Elec- 
tronic systems are reduced to a few fundamental 
circuit models. Emphasis also is being placed 
on mathematical techniques to solve basic prob- 
lems in energy conversion, communications and 
in mobility—Fourier and Laplace transforms, 
Poynting’s theorem, matrix algebra and differ- 
ential equations. 

Other colleges are in the process of making 
similar course changes, strengthening the basic 
engineering science courses and reducing the 
content of courses relating to current engineer- 
ing practice, soon to be outdated. 

What about the engineer, now at work, who 
missed most of these new basic science and 
mathematical courses? Even more than the un- 
dergraduate, he feels the need to know because 
he is confronted daily with unfamiliar problems 
that need answers. Experience—knowledge of 
what has been done in the past—may no longer 
be a guide. He has to go back to principles 
to find a solution. This is where ELECTRICAL 
MANUFACTURING thinks it can serve its reader 
needs—by providing closely written, carefully 
aimed reviews of current theory in the fields 
of solid-state physics, chemistry of materials, 
the physics of electricity and magnetism, new 
systems concepts and applied mathematics. In 
a 20-page insert we cannot hope to match a 
semester course, but our able authors can 
adequately stake out the field, introduce new 
language that will make further reading possible. 

Reader reaction to this program has been 
good. Measurement has indicated a high level 
of reader interest and reading time. Since design 
engineering is ultimately concerned with “hard- 
ware,” we will continue to report in depth on 
what is being done on the practical level with 
respect to development and evaluation of com- 
ponents, materials and systems that enter into 
electrically energized products, tieing in practice 
to fundamental principles. At the same time we 
hope to make a contribution to the advancement 
of engineering knowledge with our monthly 
series of Basic Science and Engineering articles, 
thus fulfilling our role as engineering educators 
toward the end of helping readers solve their 
design engineering problems. 


Frank 9, Che 


Editor 
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MAGNISTOR but now available as a 


Actual-size photo of the “permanent-transient” Magnistor 
developed originally for the Potter high-speed printer 
general-purpose component 


through the Magnistor Corp. of Luquillo, Puerto Rico. 


“‘Magnistor” Devices for 
Digital and Logic Circuits 


Using a multiple-flux-path configuration combining a “‘soft’? magnetic fer- 


rite with a mildly “hard” ferrite, the Potter Instrument Co. has developed 


a new solid-state component with the properties of a 1-bit comparator. Ap- 


plications include: sorting and collating, coincidence detection, parity check- 


ing, digital servo follow-up and low-power logic for static control systems. 


MULTI-APERTURE MAGNETIC DEVICES have been under 
heavy investigation as candidate components for break- 
ing through the size-and-complexity-vs-reliability “design 
stop” toward which large-scale digital systems design 
apparently has been headed. But until recently these 
devices have been largely developmental. Within the 
past few months, however, the Potter Instrument Co. of 
Plainview, New York, has introduced commercially a 
multi-aperture device called the integrated “permanent- 
transient Magnistor.” This development, together with 
that of a unitized r-f signal power source, promises 
smaller, less complex, more reliable digital circuit pack- 
ages for a variety of control, computing and data pro- 
cessing applications. 

Most all multi-aperture devices, including the Mag- 
nistor, are made of ferromagnetic ferrite materials pro- 
cessed into single-piece core structures with two or more 
“holes” and/or gaps that provide a variety of “legs” on 
which various control and signal coils are wound. The 
aim is to achieve single-element devices whose internal 
flux circuits accomplish the same functions as electrical 
circuits composed of resistors, capacitors, wires, diodes, 
cores, etc. Ferrites as opposed to metal-alloy core 
offer easy processability into odd-shaped 
configurations, low cost, inertness to many environments, 
maintenance of magnetic properties at high frequencies. 


structures 
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The common advantage of multi-aperture magnetic de- 
vices, as a group, is that single solid-state devices can 
be made to perform multiple switching and logic func- 
tions — thus reducing the number of individual com- 
ponents required for a digital system (enhancing re- 
liability) and reducing the size, cost and time delays of 
the system itself. 

Magnistor-type devices date back to 1955 when R. L. 
Snyder (now a Potter consultant) disclosed the magnetic 
amplifier type circuit of Fig. 1. This was later marketed 
by the Magnistor Corp. (a Potter subsidiary) in two 
sensitivities. Three reasons dictated this type of con- 
struction (i.e., flat “soft” ferrite ring with a small hole) : 

e The small hole can be fitted easily into other flux 
circuits, 

e The dimensions of the signal coil can be kept small, 
facilitating the construction of high-frequency systems. 

e The control windings can be kept large with respect 
to the signal windings, thus minimizing energy losses in 
the control circuit. Very little control current is required 
to saturate the core section about the hole as the main 
body of the core remains far below saturation. 

As a power amplifier these devices have a theoretical 
gain of f./f, (where f. is the r-f frequency and f, 
is the lower control frequency). But this figure is hard 
to approach in practice, particularly at high frequencies, 
because of hysteresis losses in the core, skin-effect re- 
sistance losses and rectifier losses in converting the r-f 
carrier to d-c to control other elements. A practical gain 
bandwidth product for an ATC] Magnistor with a 15- 
me carrier and a germanium diode rectifier is about 
two million. 

By making the body of the core of a mildly “hard” 
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Evolution of Magnistor Devices 





Signal winding 


“Soft” ferrite 
ring 


ill eT ‘Control winding 


Control coil inductance.mh , . 
: "—> 1.0 
¥— Output current, ma 

) -——, 0.8 


0.5 





| 04 = 
} #,-100n. 4 0.2 2 
&,-25v(15mc) 


8) 
10 20 ww 0 24 6 8 
Control current, ma Control coil bias, ma 


Two-to-one switch for tree circuits 


1 Basic “transient” Magnistor: flat ring 2 High-switching-ratio circuit. When 
derived from Fig. 2 by interconnect- 


of “soft” ferrite in magnetic ampli- lower control winding is energized, 


fier type circuit. Signal winding has high 
impedance to r-f except when sufficient 
control current flows to saturate re- 
stricted core section. ATC3 has more 
turns than ATC1 for sensitivity. 


upper Magnistor blocks r-f, lower unit 
shunts leakage. Upper control winding 
gates r-f. Switching ratio is over 60 db, 
transmission ratio 98%. Similar 3-ele- 
ment T-circuit is bi-directional. 


ing multiple signal windings. Energizing 
upper control coil blocks path a-c, 
“opens” path a-b. Vice versa for lower 
coil. Cores with up to 12 holes, assem- 
blies with 64 terminals are possible. 


. Set it 
; Set )< Set pulse voltage 
Signal winding 


J, =15ma 
i (2 coils in series) 


Signal coil impedance - 
Output current, ma 


Soft” | 
ferri te 


shunt 


10 20 
et current, mo 





g e duration 
Characteristics of GPC3 permanent 
Magnistor. Device has two set wind- 


4 Inhibited AaNp gate. Energizing e-f 5 “Permanent” Magnistor consisting 
blocks flux path of c-d to prevent of high retentivity (“hard”) ferrite 
saturation of signal core section. With C-shaped ring, shunted by pierced “soft” ings which can be used alone, or in 
e-f energized, impedance of a-b is high section. Once the control winding is series for greater sensitivity. Unit fune- 
regardless of state of c-d. For output to pulsed to “set” the core, r-f signal im- tions as combined flip-flop and gate 
result, signals must be present in a-b pedance remains low until reset winding (windings are so identified) but can be 
and c-d but not in e-f, 


is pulsed to demagnetize hard core. used to store analog information. 


oe 


Ss 
S 
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Combination “permanent-transient” Magnistor constructed 

by replacing the shunt of Fig. 7 by C-shaped flat ferrite 
ring. When core is set and interrogation winding energized, 
permanent core flux jumps gap and bypasses sensing winding 
section. Sensing coil has low r-f impedance only when either 
interrogation or set windings are energized. (See Fig. 12.) 


Interrogation circuit for non-destructive readout of per- 

manent Magnistor. If permanent core has been set (to “1” 
state), pulsing control winding of transient core will gate r-f 
output. But if permanent core has been reset (to “0” state), 
permanent core signal winding effectively blocks r-f, and puls- 
ing temporary core gives negligible output. 
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Magnistor Specifications 


Int 


Current 


Winding Resistance Inductance (+ 20%) 


Set 5 ohms *95 wh @ 1 mc 
Reset 3 ohms *35 uh @ 1 me 
Interrogate 6% ohms 700 wh @ 1 mc 
R-F _ set 1 ohm 18 uh @ 10 mc 
signal reset 1 ohm 90 wh @ 10 mc 


100 C 


100 ma 
120 ma 
120 ma 


Temperature 


Durit 
10 


Outline dimensions, internal circuit diagram and design 
data for PT-1 permanent-transient Magnistor. 


Magnistor as a 1-Bit Comparator 
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J 


11 Truth table for a 1-bit comparator or “half adder less 
carry” and block diagram of conventional logic circuit. 


square-loop ferrite (Fig. 5), a memory function is pro- 
vided that can be nondestructively read out. This is 
generally not with conventional 
toroidal core memories. The hard core of a “permanent” 


easily accomplished 
Magnistor is operated essentially on its major hysteresis 
loop. The set current drives the core to saturation, then 
the core relaxes along the top of the loop to an operating 
point just to the left of remanence. Reset current de- 
velops a demagnetizing field equal to the intrinsic coer- 
cive force to reduce the magnetization to zero. 

The most recent Magnistor device is the integrated 
“‘permanent-transient” Magnistor, sketched in Fig. 8, 
incorporating the functions of both a permanent and tran- 
sient: Magnistor to perform inherently the logic of a 1-bit 
comparator or, in computer terminology, a half adder 
(less carry). Using the circuit parameters of Fig. 12, 
the PT-1 can be set in 10 psec and interrogated in 2-3 
psec. Setting time of less than | psec is possible. 

The primary reason that Magnistors have not hereto- 
fore been serious competitors for conventional devices 
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560.n 
t, 


Base view -20v d-c 


Input voltage 

Input current 

Output voltage (loaded) * 
Frequency 

Temperature 


—20 volts d-c (max) 
10 ma 
2 volts rms 
10 mc + 5% 
55 C (max) 


* Load resistance appreximately 200 ohms. 


10 


Outline dimensions, internal circuit diagram and design 
data for Q-1Y plug-in type 10-me r-f signal source. 


12 Design parameters for single Magnistor circuit equiva- 
lent to Fig. 11. Flux patterns show operation. 


has been lack of a practical high-frequency signal sys- 
tem. The advent of higher-frequency transistors of greater 
power capabilities has, however, made possible the con- 
struction of a unitized oscillator, Fig. 10, which can be 
treated as an individual component. This device has 
made Magnistor assemblies extremely practical. The Q-lY 
oscillator is packaged (as is the Magnistor) as an epoxy- 
resin-encapsulated plug-in unit compatible with printed 
circuitry. One oscillator will serve up to 10 PT-l mag- 
nistors. 

Initial application of the PT-1 Magnistor was to the 
Potter high speed printer in which, by converting to 
Magnistor-transistor circuitry, a 60 per cent space saving 
was achieved. A scheme for continuous random search 
of tape-recorded data is also under development. 

Because the r-f circuitry is confined to individual 
modules, such as Fig. 14, Magnistor assemblies can be 
incorporated in industrial as well as data-processing 
applications. They can be used for low-powered logic 
functions in static control systems. And the coincidence- 
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Typical Magnistor Application: 
Random Search of Tape-Recorded Data 


Inquiry address cards 
Magnistors ) 
Stepping selector 
input loading) 





Inquiry address 
Audress input source 
from storage ~ 


es rn 
[ Address 


| sidence ma 

Recorded output signal 

_ ata a =.-t-- — 14 Alpha-numeric character module of six 

| discharg PT-1 Magnistors and Q-1Y r-f source, de- 

T veloped for Potter high-speed page printer, 

suitable for inquiry address card in random 
tape-search scheme. 


13 A series of 6-bit inquiry address “cards” are each pre-set (in random 
order, by means of a stepping selector) with the address of a desired 
information block. Tape is continuously scanned until read head detects 
address that coincides with one of the addresses stored in the inquiry 
cards. Then, stored information is gated to printout or storage for sub- 
sequent processing. 

Ome oscillate 
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15 Inquiry address card circuit. When “compare” inputs match “set” inputs, coincidence output voltage falls to gate “print- 
enable” signal (or information block discharge) and energize print-hammer solenoid drive. Pulsing reset windings clears 


card for inserting new address. 


detection function of Fig. 15 suggests a number of uses. 
For instance, a coincidence-detection module could be 
preset with a specific code to trigger a subsequent func- 
tion whenever a matching interrogation signal is received. 
In a digital servo the module could be preset for a 
desired position directly from a punched-tape program 
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and the interrogation signal would be derived from a 
feedback quantizer. Coincidence would stop the drive. 
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Current-Controlled D-€ Motor Drive 


While not a new concept, use of the regu- 
lated-current principle for controlling the 
speed of a d-c motor represents a major 
development in the field of adjustable- 
speed drives. Devices of known reliability, 
such as ignitrons and thyratrons, are em- 
ployed in a system that offers many of the 
advantages usually associated with other 
forms of control employing rectifiers and 
auxiliary rotating equipment—smoothly 
reversible power, regenerative braking, 
and ability to absorb power from over- 


hauling loads. 


E. H. DINGER 

Development Project Engineer 
Specialty Control Department 
GeneraL Evectrric COMPANY 
Waynesboro, Virginia 


ADJUSTABLE SPEED d-c motor drives built in the past 
have accomplished speed adjustment in the range below 
base speed by varying the armature voltage, and speed 
adjustment above base speed has been obtained by re- 
ducing motor field strength. This is the familiar adjust- 
able-voltage system. 

When designed around electronic conversion devices 
such as thyratrons or ignitrons, the adjustable-current 
system offers all of those features associated with elec- 
tronic drives, such as small floor space, no need for heavy 
foundations for rotating equipment, low noise and fast 
response. In addition, it provides many of the features 
generally achieved only with the Ward-Leonard system, 
such as regenerative braking and stopping and the ability 
to absorb power from overhauling loads. A unique fea- 
ture of the new controlled-current system is its ability to 
reverse smoothly and continuously from full forward 
to full reverse speed and vice versa without the necessity 
for the operation of a loop contactor. 

All of the features cited are obtained with a standard 
d-c shunt motor and a single-direction armature rectifier 
circuit. 
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Basic System. The current-controlled system con- 
sists of two basic regulators, one of which regulates speed 
whereas the other regulates armature current. There are 
also two auxiliary regulating circuits, one to limit the 
motor-generated emf when the motor is operating above 
base speed, and the other to provide armature current 
forcing. A block diagram of the complete system show- 
ing the relationship between these circuits is illustrated 
in Fig. 1. In this diagram the main circuits are shown 
by solid lines and the auxiliary circuits are shown dotted. 

Figure 2 illustrates the functional elements that com- 
prise the speed-regulator circuit. They are the speed- 
reference circuit, which consists of a speed-adjusting 
reference potentiometer connected across a d-c supply; 
the speed feedback, which consists of a d-c tachometer; 
and a comparison circuit for developing the error signal. 
The latter is the difference between the reference speed 
and feedback, or actual, speed. The error is first amplified 
by a voltage-amplifier section which produces an output 
current capable of controlling a reversing-field power 
section between full positive and full negative output. 
The motor field is supplied from a field power amplifier 
as directed by the voltage amplifier so as to supply the 
proper amount and direction of field current which, 
acting in conjunction with a fixed armature current, will 


Speed 
Feedback 


Basic 
Speed 
Regulator 
pH =—=ho 


Speed 
Reference 


Reversing 
Field Supply 


Auxiliary 
Generated emf 
Limit 

Auxiliary 

Armature Current 

Forcing Circuit 


Armature Basic 
Current Arm Current 
Reference Reguiator 


Single Direction 
Armature Circuit 


Armature Current Feedback 


Fig. 1—Block diagram of current-controlled motor drive. 
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develop the amount and direction of torque required to 
bring and hold the speed in correspondence with the 
speed reference as set by the speed potentiometer. 

It is the function of the armature current regulator, 
Fig. 3, to maintain a definite value of current through 
the motor armature regardless of minimum load require- 
ments. 

Basic components of this regulator are an adjustable 
reference voltage for establishing the desired minimum 
amount of armature current, a current feedback signal 
representative of the actual armature current flowing, 
and a comparison circuit for developing the error exist- 
ing between desired and actual currents. In addition, 
there is a voltage amplifier for amplifying this error 
and for producing an output current capable of control- 
ling the armature rectifier. This rectifier may be either 
three-phase or six-phase and is controllable between zero 
and rated output current and between negative rated 
voltage to positive rated voltage. The rectifier maintains 
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rent-controlled motor drive. 
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current in the forward direction at all times even though 
its output voltage may be required to be negative in order 
to hold the desired forward current. 

The ability of a rectifier to produce a negative output 
voltage depends on the nature of the load, in this case 
the back emf of the motor, and the ability of the phase- 
shift circuit to phase the rectifier back sufficiently far 
(1, 2).* In order to simplify the explanation of the 
principles involved in this action, let us consider a single- 
phase double-way rectifier circuit such as is shown in 
Fig. 4a, recognizing that the same principles apply also 
to the three-phase or six-phase circuits actually used in 
larger sizes of rectifier circuit. We will assume that the 
grid phase-shift control is capable of varying the firing 
point of the thyratrons over a full 180-deg range. For 
convenience, the motor shaft load will be assumed to 
be sufficiently high so that armature current is continu- 


* Italic numerals in parentheses refer to Cited References at end of article. 


Grid 
transformer 


Anode transformer , Primary 


Grid transf 
secondaries 
~ 


inca 


Phase shift grid 


r + 


Fig. 4a 


control. 


Single-phase, double-way rectifier with 180-deg phase 


current 


Average 
~ (positive 


Tube 
- conduction 


interva 


Time 
inne - 


Fig. 4b 


Positive-voltage rectifier output (motor driving load). 


Tube 2 starts 
Tube | starts 


conductina 
conducting 





ous. The two phasing conditions shown in Figs. 4b and 
4c will serve to illustrate the conditions of positive 
output voltage and negative output voltage, respectively. 
The first condition is the normal one representing a 
motoring load with electrical power being supplied to 
the motor and with mechanical power being delivered 
out of the shaft of the motor. The average positive volt- 
age is the average of Area 1 minus Area 2 divided by 
distance, and is the voltage that would be read on a d-c 
voltmeter connected across output terminals 1] and 2. 
For the particular condition shown, output voltage would 
be near maximum value. 

The second condition can be arrived at very simply 
for purposes of illustration by assuming that, with the 
motor rotating in the forward direction as described in 
the preceding paragraph, we reverse the motor armature 
connections to the rectifier. If we were not to change 
the firing point of the rectifier, it is apparent that a 
large current flow would result, driven by the sum of 
the motor voltage and the rectifier voltage and limited 
only by the armature circuit and rectifier circuit resist- 
ance. However, by adjusting the firing point to that 
shown in Fig. 4c, we find that the average rectifier out- 
put voltage as well as the armature voltage itself becomes 
negative and the current can be brought back to the 
original value by adjustment of the firing point. 

During the first half cycle shown in Fig. 4c. Tube 1 
is conducting and the voltage between anode and cathode 
of Tube 2 is as shown. The firing of Tube 2, which is 
held off until just before the anode-cathode voltage goes 
negative, causes the current to be transferred to Tube 2. 
Shortly thereafter, although the anode supply voltage for 
lube 2 becomes negative, Tube 2 continues to carry for- 
ward armature current until later in this half cycle, when 
it is relieved by the firing of Tube 1. 

It should be emphasized that during this time, when 
the average output voltage is negative, there will also 
be a net positive voltage from the cathode to the anode 
of the conducting tube. This net positive cathode-to- 
anode voltage which is a requirement for conduction is 
provided primarily by the reversed moto voltage which 
acts, on the average, to overcome the negative supply 
voltage, but which is assisted on an instantaneous basis 
by voltages developed across the armature inductance. 
That is. the armature voltage of the motor is both nega- 
tive and somewhat higher in absolute value than the 
negative tube-supply voltage. 

Since the current is still positive and the armature 
voltage is negative, the power flow is from the motor. 
now acting as a generator, to the a-c line. Under this 
condition, the motor will slow down as its inertia stored 
energy is given up—unless an external mechanical torque 
is applied, in which case the motor would continue to 
act as a generator (or more accurately, as an inverter) 
converting mechanical power into electrical power and 
returning it to the line. 

Since, in the case of the current-controlled system, the 
field current is capable of being reversed, a similar 
condition of reverse voltage and positive armature cur- 
rent could exist temporarily during the deceleration of 
the motor and its connected load from a high speed to 
a lower speed in the same direction. 

When a load torque is applied to the motor shaft 
which is larger than the torque which can be supplied 
by the product of full field strength and the minimum 
armature current being maintained by the armature 
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current regulator, the speed error signal will increase. 
This increased error signal is caused to operate the “forc- 
ing” circuit whose output then will increase the reference 
voltage to the armature current regulator until the arma- 
ture current, in conjunction with the field current, supplies 
the torque required by the load. It is significant that 
this forcing circuit operates for both positive and nega- 
tive load torques. That is, if the speed regulator error 
exceeds a certain value in either the positive or negative 
direction, indicating that either full positive or full 
negative field values have been reached, the forcing cir- 
cuit will cause the armature current to be increased in 
order to support the load torque, regardless of whether 
it be positive or negative. 


As in any d-c motor drive capable of operating in the 


speed range above base speed, it is necessary to make 


provision for preventing a motor-generated voltage above 
rated from being produced. That is, with the motor rotat- 
ing at speeds above basic, the motor field cannot be 
allowed to go to full field strength. The voltage limit 
auxiliary circuit is therefore designed to monitor motor- 
generated voltage and to prevent the field strength at 
any particular speed from exceeding that value which 
would cause an excessive armature emf to be generated. 
It consists of reference voltages representing rated posi- 
tive and negative armature voltages, a feedback signal 
from actual armature voltage, an error comparison cir- 
cuit, and an amplifier. In addition, forward and reverse 
biases are included to prevent the operation of this 
circuit unless and until the armature voltage approaches 
rated positive or negative values. The output of this 
amplifier is connected to the field control circuit through 
a pair of diodes which conduct and take over control 
of the field circuit at the point where the generated volt- 
age tries to exceed rated. 

Operation. The complete motor control system is 
shown in Fig. 5, which has been simplified to the extent 
that ripple filter capacitors, stabilizing circuitry and the 
magnetic control circuitry are not shown. Also, the in- 
ternal components of the standard magnetic phase-shift 
circuits for both the armature and field rectifiers have 
been omitted for simplicity. The two main and two 
auxiliary regulators and the d-c power-control supply 
are shown in dotted boxes and are arranged with respect 
to one another in a way intended to show the rela- 
tionships between them. 

The control-power supply is of standard design; it 
provides a grounded output with regulated positive and 
negative busses and one unregulated positive bus. 

In the speed-regulator section, the error voltage rep- 
resenting the differences between the speed reference 
voltage and the actual tachometer voltage is amplified 
first by one conventional d-c amplifier stage and pro- 
ducing a single-ended output. The signal is further am- 
plified by a “long tailed pair” amplifier consisting of the 
two halves of a dual triode tube so connected as to have 
a common cathode resistance and to have one grid 
grounded. The output is double-ended, with equal and 
opposite changes in output voltage taking place at the 
two plates as a function of voltage applied to the single 
control grid. The purpose of this stage is to provide 
suitable control signals for ultimately controlling the 
forward and reverse field rectifiers after each output is 
further amplified by another stage of amplification. These 
latter stages supply the control currents to d-c control 
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5—Simplified diagram of current-controlled motor-drive circuit. 


windings Ff-x and Fr-x of the magnetic phase-shift cir- 
cuits for the forward and reverse field rectifiers, respec- 
tively. 

A local negative feedback of a voltage proportional 
to field current is supplied to the cathodes of these last 
two stages in a rather unique manner. Since only one of 
the rectifiers is supplying field current at any one con- 
dition of shaft load, only one of these stages is controlling 
output to the field. However, regardless of which stage is 
controlling, the feedback voltage supplied to the cath- 
odes must be positive in order for the feedback effect 
to be negative. An examination of the sum of the voltages 
appearing between ground and Point 12 will show this 
sum to be positive at Point 12 whether the field current 
is positive and flowing from the forward field rectifier 
out of Point 11 to the field, or negative and flowing into 
Point 11 and through the reverse field rectifier. 

The local feedback from field current accomplishes 
The first, and more obvious, purpose is 
to reduce the effective field time constant, especially for 
moderate required changes in field current. Extra voltage 
is available in both the forward and reverse rectifiers 
to facilitate this forcing process. 


two purposes. 


The second purpose is 
to provide a smooth and positive transition between 
values of field current. 

When the speed error ‘is zero, the two outputs (Points 
29 and 30) of the long-tailed pair amplifier with respect 
to ground will be equal and the output currents into Ff-x 
and Fr-x will likewise be The field current will 
be zero but the outputs of the forward and reverse rec- 
tifiers may not be zero. As a matter-of fact, it is desirable 
that they not be quite zero at this time in order to make 
sure that there is a slight 


positive and negative 


equal. 


between the 
Too much 


“overlapping” 
forward and reverse field rectifier outputs. 
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“overlap” will result in excessive circulating current 
between the forward and reverse field rectifiers. Too 
little will result in a discontinuity or “backlash effect” 
in the error signal in going between forward and reverse 
currents. Overlap is controlled by the adjustable resist- 
ance 2P in the common cathode of the long-tailed pair. 
Adjustment of this rheostat will cause a simultaneous 
change in the same direction of both outputs of this stage. 
Figure 6 shows the relationship between error voltage, 
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the feedback voltage at Point 12, and the field voltage. 

The normally open and normally closed contacts in the 
plates of the long-tailed pair are on a single relay which 
operates as a function of the direction of field current. 
The armature-current forcing signal is derived from one 
or the other of these plate voltages through these contacts. 

Armature Regulator Circuit. The armature-current 
regulator consists of a single amplifier stage which is 
actuated by the error signal between the current-refer- 
ence voltage and the current feedback voltage. In the 
plate of this amplifier are the control windings of the 
magnetic phase-shift circuits used to control the output 
of the three-phase armature power rectifier. 

Three thyratron tubes are used for anode firing the 
three main ignitron power tubes, with series resistors 
being used for limiting the ignitor currents. As noted 


earlier, this rectifier has sufficient phase control range 


to enable it to circulate the desired armature current 
regardless of whether the armature-generated voltage is 
positive with respect to ground (motoring condition) or 
is negative (overhauling condition). In the former case, 
the rectifier output will be more positive than the 
generated voltage by the amount of the armature /R 
drop: In the latter, it will be less negative than the 
generated voltage by the same amount. 

Current feedback is obtained by means of a three- 
phase current transformer having primary windings in 
each of the three rectifier legs. The actual feedback 
voltage is the rectified output of the secondary windings 
from a three-phase full-wave rectifier. There are indi- 
vidual secondary loading resistors and a common load- 
ing resistor across the rectifier output. 

Armature current is normally adjusted by means of 
the armature-current reference potentiometer for a value 
of 25 per cent of rated or less. If the shaft load is such 
as to require a motor torque greater than 25 per cent, 
it is necessary for the armature current to be boosted 
as required and this function is provided by the auxiliary 
armature-current forcing circuit. 

Current Forcing Circuit. At 25 per cent load, the 
field current will be at full value in response to the 
speed regulator error signal and further application of 
load will cause a greater speed error signal which will 
in turn cause the plate of the long-tailed pair in the speed 
regulator to go more positive until it is sufficiently large 
to actuate the forcing circuit. This circuit is also a long- 
tailed pair whose output supplies additional reference 
voltage to the main current regulator. Controlled by the 
speed error signal, the magnitude of its output will 
increase until the armature current is just sufficient to 
sustain the desired speed under the larger load condition. 
The diode in its output is for the purpose of preventing 
the loading of the armature-current comparison bridge 
during periods when forcing is not necessary. The cur- 
rent-limit potentiometer and its associated diode provide 
an adjustable limit on the output of this circuit, thereby 
establishing an ultimate limit on armature current. 

Auxiliary Voltage-Limit Circuit. In the event that 
the speed reference potentiometer is calling for a speed 
above the base speed of the motor, it is necessary to 
make sure that a field current sufficient to cause a gen- 
erated emf above rated is not applied. As load is added 
to the shaft of the motor under this condition of opera- 
tion, the speed regulator will increase field current first 
in order to supply this load. The result of increased field 
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service by supplying positive and negative reference voltages. 


current will be an increase in armature voltage. As the 
armature voltage approaches rated, the voltage limit 
circuit will come into play. A portion of motor voltage 
obtained from a resistor divider consisting of 1OR and 
11R connected across the armature, Fig. 5, is applied 
between ground and the junction of a network of four 
resistors. The bottom two of these resistors constitute 
the comparison circuit for determining the point at which 
positive, or motoring, voltage limit will take place. In 
this circuit, the negative regulated bus is used for refer- 
ence voltage and the portion of armature voltage appear- 
ing at Point 20 with respect to ground provides the 
armature feedback voltage. It will be noted that, until 
the feedback voltage becomes sufficiently large in the 
positive direction to bring the voltage at Point 21 
positive, there will be no conduction through diode 2Rec. 
An analogous situation exists for the top two resistors 
in this network and so long as the armature voltage is 
not sufficiently negative to take Point 22 negative with 
respect to ground, there will be no conduction through 
lIRec. We can see, then, that so long as the armature 
voltage is within its rated positive and negative values, 
there will be no input signal to the voltage limit circuit 
and its output will stay fixed at a value which is suf- 
ficiently positive with respect to ground so that there will 
be no conduction through 3Rec or 4Rec and therefore 
its output will have no effect on the speed circuit. 
However, if and when the armature voltage tries to 
2Rec_ will thereby 
applying a positive signal to the right-hand grid. Con- 


go excessively positive, conduct, 
versely, if the armature voltage tries to go excessively 
negative, 1Rec will conduct and cause a negative signal 
to appear at the left-hand grid. It will be noted that the 
result of either of these signals—positive at the right- 
hand grid or negative at the left-hand grid—will be the 
same in that either signal will cause the plate current 
in the right-hand voltage limit tube to increase. This 
will first cause the plate voltage to decrease, and this in 
turn will cause the output at Point 23 to go negative 
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torque-speed quadrants for the current-controlled motor drive. 


with respect to ground until it causes either 3Rec or 
4Rec to conduct. The particular one of these diodes 
which will conduct will depend on which triode of Tube 
2 happens to be controlling field current for the existing 
direction of rotation and load. The voltage limit output 
will thus automatically select the proper output diode 
since the grid of the controlling half of Tube 3 will be 
more positive than the grid of the other half and there- 
fore the diode in the grid circuit of the controlling half 
will be the first to conduct. 

For as long as the shaft load remains sufficiently large 
and the motor speed is above basic, the voltage limit 
will regulate armature voltage at near rated value by 
controlling generated voltage through the medium of 
the control currents of the field rectifier circuit. Opera- 
tion of the circuit will not affect speed, which will con- 
tinue to be maintained at the desired value by the speed 
regulator which will supply the load torque required by 
increasing armature current as necessary through the 
auxiliary current-forcing circuit as described earlier. 

Reversing. A unique feature of the drive is that 
it is suitable for reversing service without any circuit 
modification. It is necessary only that the speed refer- 
ence potentiometer be capable of supplying both positive 
and negative reference voltages as shown in Fig. 7. All 
of the main and auxiliary circuits operate in the proper 
sense for smooth reversing between any forward and any 
reverse speed and for continuous operation at any speed 
within this range. This assumes that the motor has 
sufficient cooling and thermal capacity for continuous 
operation at low speeds. Speed of reversal is governed 
by the connected inertia load, the friction load and the 
positive and negative rated motor-torque values. Stated 
another way, speed of reversal is just as fast as rated 
motor torque will permit, considering both the friction 
and inertia loads. 

Advantages of this type of reversing include the elimi- 
nation of armature reversing contactors, the possibility of 
initiating the reversing sequence automatically by small 
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low-power limit switches and continuous adjustment of 
speed anywhere between full forward and full reverse by 
means of a single low-power, single-plate, speed-adjusting 
potentiometer. For application in which reversing is fre- 
quent, the elimination of the reversing contactors rids 
the circuit both of a source of maintenance and a source 
of noise as well. 

The current-controlled drive can operate continuously 
in any of the four torque-speed quadrants as shown in 
Fig. 8. It should be noted that, while armature voltage 
and field current may be either positive or negative, the 
armature current remains positive at all times. 

Power Absorption. The ability of the drive to 
absorb power from an overhauling load makes it suitable 
for applications such as engine testing where it could 
be used first for cranking the engine and then for absorb- 
ing power from it while at the same time maintaining 
the desired engine speed. The absorption feature also 
permits rapid “powered” deceleration between higher and 
lower speeds without the need for intermittently operated 
dynamic braking contactors for slowdown. It can also 
be used with suitable magnetic circuitry to regeneratively 
brake the motor to a smooth straight-line stop. 

Speed Regulation. As in any speed-regulated drive, 
the steady-state no-load to full-load regulation of this 
drive depends mainly on the accuracy and consistency 
of the speed feedback means and the gain of the main 
speed-regulating loop. In this case the feedback is 
obtained from a d-c tachometer and since its indication 
of speed is independent of load, it will not affect regula- 
tion. Therefore, for this drive, no-load to full-load regula- 
tion will depend only on the amount of gain built into 
the system. Steady-state regulation up to 1/10 per cent 
can thus be readily designed into the system. 

The manner in which speed is maintained in the cur- 
rent-controlled drive produces several interesting results. 
At no load, the armature current is regulated at a low 
value (20 per cent of rated or less), the field current 
will be very small and the speed error signal will be 
almost zero. 

At full load the field current is brought to rated value 
and the armature current is increased (through the fore- 
ing circuit) to rated value with these increases being 
accompanied by an increase in the error signal. 

It is noteworthy that this regulating sequence takes 
place regardless of the speed at which the motor is 
operating. It is apparent also that the error voltage is 
the same regardless of speed. Since the error voltage 
can be produced only by a small drop in tachometer 
voltage (and speed), it follows that the same drop in 
speed is required at any preset speed as the load is in- 
creased from no load to full load. Therefore, we can 
conclude that the application of full load produces a con- 
stant error in rpm, regardless of operating speed, and 
that steady-state regulation is substantially independent 
of the motor characteristics. 

Response. At first glance this system might appear 
to be somewhat slower in response than the conventional 
adjustable voltage systems, inasmuch as load adjustment 
is accompanied partially by changing field strength. A 
closer examination of practical load and operating con- 
ditions, however, shows that this is not the case. 

For example, if we consider a standby armature cur- 
rent of 20 per cent of rated and a practical no-load 
torque condition of 10 per cent of rated, the field cur- 
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rent will already be maintained at 50 per cent of rated fier circuit designed to convert the resulting linear signal 
under this minimum load condition. In order to accom- into an output which has the required hyperbolic shape. 
modate an increase in shaft load to 100 per cent, the The output of such a unit could be used as the input 
drive would first apply a full field signal and then, signal to the current-controlled system. 

without waiting for the field current to build up. would For those applications in which the connected load 


call for an increase in armature current until the motor inertia is more than approximately twice the motor 


inertia and in which drive speed is frequently changed, 
load could be supplied alone by an increase in current a significant amount of time can often be saved by using 
to 200 per cent through the fast-acting armature-current 


is delivering the required torque. In our examples, full 


a drive than can “motor” down from higher to lower 
speeds. Furthermore, if the deceleration rate is smooth 
and constant, much of the possible wear and damage to 
supplied initially with a readjustment shortly thereafter the machine or 
to full field current and a reduction of armature current 


circuit and without requiring any field-current increase 
at all. This is the way in which the torque would be 


process may be avoided. The inherent 
regenerative slowdown characteristic of the current-con- 
to rated value. Only for the condition of a change in trolled drive provides rapid deceleration between set 
load from motoring to overhauling or vice versa would speeds. By the addition of a small time acceleration and 


an ability to change field strength rapidly be especially deceleration circuit to control the input to this equip- 


desirable. 

Application. While the system could be applied in 
any rating up to 300 hp and higher, its primary field 
of use is in the ratings 50 hp and above—although ap- 


ment, adjustable rates of both acceleration and decelera- 

tion permit the selection of rates of speed change that 

are optimum for the particular driven load. 
Applications requiring smooth and continuous re- 


plication requirements in certain instances may indicate versing between forward and reverse speeds or those in 


its use in lower ratings. It can be considered for any which merely frequent changes in the direction of opera- 


adjustable-speed drive application, including even gen- tion from standstill are required can use this system to 


eral-purpose, low-performance applications where the advantage. Consider, for example, a vertical boring mill 
in which it is desired to start the tool on the outside 
diameter, to advance it to the center of the work, to 
reverse the direction of table operation, and to con- 
tinue on to the opposite end of the work. Rapid powered 
reversing could be accomplished when the tool is at the 
center of the work table by means of a limit switch with- 


main need is for adjustable speed with only moderate 
speed-regulation and speed-range requirements. However, 
it is for those applications which require somewhat more 
than minimum performance that the flexibility of this 
system can make a significant contribution to a better 
solution of the machine designer's control problems. 

For constant horsepower applications, the current-con- out the necessity for a reversing contactor to operate 
trolled system has inherent field range control up to or without the need for bulky heat-dissipating dynamic 
braking resistors. 

One of the effects of the advancing standards of 
quality control is the requirement of ever more accurate 


four times base speed. It is necessary only to use a motor 
designed for constant horsepower to make use of this 
characteristic. Also, with tachometer feedback as an 
operating feature, it provides good linearity between and faster-responding drive systems. A technique gaining 
motor speed and reference voltage. in popularity is that of controlling each step of a process 
to the highest degree practically and economically ob- 
tainable on the basis that the final product will therefore 


To illustrate: with a vertical turret-lathe application 
requiring constant surface cutting speed, this system 


would satisfy the basic drive requirements. The only be of a more uniform quality. The current-controlled 


system, inherently a tachometer feedback drive with 
resulting good speed-regulating accuracy, can be con- 
verted to a very high accuracy drive by these three 


other considerations would be (1) a standard motor 
having the desired constant horsepower range and (2) 
a means for generating an input signal that is hyper- 
bolically related to the tool position. There are several straightforward modifications: 
methods of achieving this relationship. One of the simp- 1. use of a high accuracy tachometer 
lest and most effective makes use of a linear potentio- 9. additional stabilization of the speed reference voltage 
meter geared to the tool carriage and a small preampli- (Continued on page 145) 
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Integration of Systems Engineering 
With Component Development 


The design needs of complex electronic 
systems can be met only by a continuously 
interrelated effort at both the system-cir- 


cuit level and the component/material 


level. 


J. A. MORTON, Vice President 
Device Development 

Bett TELEPHONE LABORATORIES 
Murray Hill, New Jersey 


THE PAST TWO DECADES have been marked by an ex- 
plosive growth of large, complex electronic systems for 
military, industrial and business uses. This growth has 
been accompanied by an increasingly broad application 
of, and a new significance in, the systems-engineering 
approach to the design and development of these systems. 

Unfortunately, however, this approach has been ap- 
plied mainly at the system-circuit level. Infrequently, 
if at all, has it been applied at the component /material 
level at an early enough design stage. As a consequence, 
the systems-engineering method is not being used to 
the fullest extent needed to solve our critical problems. 

This discussion will review briefly some of the con- 
cepts of the systems-engineering method and will sug- 
gest how both systems engineer and components engineer 
can integrate their functions to attain a greater measure 
of design effectiveness. 


Editor’s Note ¢ 


This paper by Dr. J. A. Morton is based on his keynote 
address, “New Directions in Component Development,” 
delivered at the 1959 Electronic Components Confer- 
ence held May 6-8 in Philadelphia. The reader will 
find that the Evecrrica, MANuFACTURING “Basic Sci- 
ence and Engineering” series of articles is essentially 
based on the same concept and philosophy that are at 
the core of Dr. Morton’s discussion. “After all,” to 
quote him, “the aim of electronics is not simply to re- 
produce physically the elegance of classical circuit 
mathematics—rather, it is to perform desired electronic 
system functions as directly and as simply as possible 
from the basic structure of matter.” —A. E. J. 
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Principles of Systems Engineering 

Briefly, the systems-engineering method recognizes 
that each system is an integrated whole, even though 
composed of diverse specialized structures and sub-func- 
tions. It further recognizes that any system has many 
overall objectives, and that the balance between them 
may differ widely from system to system. The method 
seeks to optimize the overall system functions according 
to the weighted objectives, and to achieve maximum 
compatibility of its parts. 

Figure 1 is a schematic diagram of four essential 
specialized stages that must be integrated for a complete 
and coordinated development of a typical modern com- 
plex electronic system. Information and artifacts flow 
forward and backward. Ideas generated in an earlier 
stage may stimulate new activity in a later stage; con- 
versely, the needs of a later stage may initiate a feed- 
back of new requirements to a previous stage. 

In each stage there are four common functions, differ- 
ing only in the level at which analysis stops and syn- 
thesis begins. Applied specifically to classical component 
development, these functions may be given as follows 
(see Fig. 2): 
determine the 

functional requirements on the whole. 

b. By analysis relate the functions of the whole 


a. Formulate the problem; that is, 


to its structure. 

Explore methods and develop techniques for 
fabricating a structure to the required functions. 
Develop instrumentation to measure the actual 
function produced, compare these to those de- 
sired and apply this error information to further 
refine the formulation analysis and _ synthesis. 


Thus, the process proceeds in a manner analogous to 
a feedback or servomechanism, in which successive round 
trips through the several phases and stages result in 
successively higher orders of refinement. 


Formulation of the Problem 


Traditionally, component engineers have spent most 
of their effort in the last three functions: analysis, syn- 
thesis and measurement of new elements. All too fre- 
quently, the system designer has formulated the problem 
too narrowly and without knowledge of the technological 
possibilities and difficulties. 

The first function, that of problem formulation for the 
component stage, however, should also be the concern of 
the components engineer. It is important because it 
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Fig. 1—Schematic diagram of research and development stages 
leading to new communication system. 
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Schematic diagram of component development phases. 


provides the major interface between components and 
system, and because the correct formulation of a prob- 
lem by the person responsible for its solution is the 
essence of an optimum solution. 

In every problem statement at least three elements 
are present explicitly or implicitly: the viewpoint of 
those stating the problem; a general set of permissible 


solutions in terms of viewpoint; and measures of effec- 
tiveness by which suggested solutions may be judged 
so that decisions can be made for manufacturing de- 
velopment. 


Viewpoint 

Often the system designer will state the problem in 
such a way that no problem is presented to the com- 
ponent designer. For example, he might pose the ques- 
tion, “How can I increase the reliability of my computer 
through redundance?” In such a case, he might go to 
the mathematician or information theory expert resolved 
to make do with those components that are readily avail- 
able on the shelf. Timing may be a consideration. 

Conversely, the electronic component engineer may 
see possibilities for greatly improved design concepts 
derived from new technological advances in his own 
field. In this case, he should be the problem poser. 

But then, more than ever, it is important that he 
consciously strive for balance in his solution in terms 
of the overall particular system or systems to be served. 
He then proceeds through the steps outlined previously 
(Fig. 2), seeking the viewpoints and broad functional 
requirements of system-circuit designers. 


Permissible Solutions 

The questions posed as a result of viewpoint directly 
limit the class of solutions which is permissible. Gen- 
erally, broad objectives in electronic system and com- 
ponent development are concerned with optimizing (with 
different emphasis or weight) any or all of the following 
major attributes: 


Measure {ttribute 


capability 
manufacturability 


performance 
first cost 
reliability 
portability 
flexibility 
availability 


maintenance expense 
size, weight 

diversity 

timing 

continuity of service reliability 

For example, consider the case of the transatlantic 
submarine cable system. Why choose an old-fashioned, 
bulky, high-power electron tube when transistors are so 
much smaller, use much lower voltage and power and 
promise high reliability? 

Studies disclosed that minimum annual charges, con- 
tinuity of service (also an economic factor) and timing 
were the dominant objectives. It soon became clear, 
because of the submerged nature of the system, that the 
active components’ cost would be a negligible fraction 
of the cost for the complete installed system. 

Annual charges are comprised largely of first cost 
and maintenance expense. It therefore became clear 
(because of the huge cost of a single repair) that proved 
component reliability would justify almost any cost of 
device in order to meet the desired schedules. Since the 
tube had been under test longer than the whole tran- 


ELECTRICAL MANUFACTURING 





sistor era and had soundly proved itself able to meet 
the required failure rate of less than 0.01 per cent/1000 
hr, the choice was quite simple. It was recognized, of 
course, that this decision represented a sacrifice in per- 
formance (explicitly, in channel-carrying capacity). Con- 
sequently, further research was initiated to develop a 
broader-band tube and a transistor suitable for the sub- 
marine cable service. 

This case history is a good, though relatively simple, 
example of how heavily weighted timing and reliability 
objectives forced a compromise performance solution, 
yet simultaneously served to initiate exploratory work 
to broaden the range of future permissible solutions. 


Measures of Effectiveness 

Measures of effectiveness are the criteria by which 
solutions will be judged and compared in their ability 
to meet the objective requirements. They should be 
quantitative in nature and applicable to proposed solu- 
tions, solutions under development and solutions in being. 

A measure should be simple but compatible with 
completeness. It should have physical meaning since then 
it becomes easier to find the ideal or limiting value of 
the measure against which the actual performance can 
be measured. 

The number of measures should be minimal and yet 
adequate to completely evaluate the solution against the 
desired weighted multiple objectives. 

Finally, it must be possible to translate the overall 
balanced system measures down to similarly weighted 
requirements on the components so that a specific com- 
ponent solution can be measured in terms of its effec- 
tiveness in meeting the integrated system objectives. 

In most large-scale complex systems there may be 
an overwhelming multiplicity of seemingly unrelated 
design criteria; any one or any combination of these 
criteria may be properly used to decide the maximum 
effectiveness of a particular solution. 

For example, in designing a cross-country radio-relay 
system to transmit television and large packets of tele- 
phone channels, at least the following criteria must be 
considered: bandwidth, distortion, repeater gain, signal- 
to-noise ratio, power output, antenna gain, repeater spac- 
ing, cost, reliability, size, flexibility and timing. This 
long list of seemingly unrelated requirements must be 
reduced to manageable proportions. An analytical ap- 
proach is a useful tool. The applicable criteria can be 
grouped according to the major objectives previously 
categorized: performance, failure rate and first cost. 

In the performance category, the problem of choice 
and optimal design of any component can be greatly 
aided by further analysis. Applied, for example, to the 
several different possibilities in tube selection, the fol- 
lowing steps can be taken: 


1. Elemental performance measures are combined 
into derived figures of merit, such as gain-band 
product, power-band product and noise figures. 
Dependence of these figures on the structural 
elemental properties of each competing device 
is determined. 

Potential performance of each device is com- 
pared and a choice is made. 

. The derived figures are expressed in terms of 
device structure and are then used as design 
criteria to obtain an optimal balance of design. 
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A problem similar in principle but far more complex 
is faced today in the derivation of functional measures 
for the more intricate electronic modules and devices 
now under development. The need is to go further and 
develop higher-order figures of merit which interrelate 
not only performance measures but also those of cost, 
size, number of elements and reliability. 


“ost Considerations 


With present component and assembly techniques, the 
cost of the components themselves far outweighs the 
cost of assembly and interconnection. It is reasonable 
to assume that some of the newer fabrication techniques 
and associated processes may help to decrease the cost 
per component as component density goes up. This 
result may be achieved through improved yields, by 
standardization of elements, by application of the mi- 
cromodule concept, or by batch processes (as in the in- 
tegrated functional circuit). Eventually, however, a 
further increase in component density may reach a point 
where costs may increase as the square of the density. 
This condition may arise as component size imposes 
additional and increasingly stringent requirements on 
materials process control, and as the number of connec- 
tions per functional module increases. 

In most large-scale systems today (be they military 
or not) reliability looms large as a factor to be greatly 
improved whether it bears on maintenance expense or the 
success of a mission. Thus, in a simple switching system, 


Nx<SXT (the net bits/ failure) 


(the net bits/cost of a failure) 


are two important system merit figures. In this relation- 
ship: 

N =total number of switching elements 

S = speed 


T = mean time to failure 


Cy, = cost of failure 


Both system-failure rate and cost per system failure 
can be related to similar quantities for a given module. 
They will depend upon such factors as component and 
connector densities, element failure rate, connection fail- 
ure rate, and power density. Thus, they determine the 
optimum size of module, which may well vary greatly 
from method to method. 


Conclusions 

Our heritage in components is essentially the physical 
embodiment of the mathematical concepts of circuit 
theory. With this viewpoint, the system designer has 
translated his overall system requirements to those for 
components, thinking only in terms of classical induct- 
ance, capacitance, resistance, tubes and transistors. 

The component designer, in adopting this viewpoint, 
therefore has been limited in his permissible solutions 
to finding only new techniques and materials for the 
classical elements. 

It is apparent that these conventional concepts are 
becoming increasingly inadequate in helping us realize 
what we now expect and demand of future electronics. 
To capitalize on the possibilities inherent in new tech- 

(Continued on page 92) 
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Fluorochemical-Vapor Cooling 


A study of fluorochemical vapors used as 


dielectric and heat-transfer materials. 
Presented are properties of fluorochem- 
ical vapors, types of cooling systems, and 
design parameters for use of these ma- 


terials. 


L. F. KILHAM, R. R. URSCH and J. F. 
Magnetic Components 

RAYTHEON COMPANY 

Waltham, Massachusetts 


AHEARN 


FLUORINATED HYDROCARBONS, acting as thermally stable 
dielectric and heat transfer agents, have the advantage 
of combining the two characteristics in one material. 
Progressively more sophisticated designs are making 
efficient use of fluorochemical liquids and gases under 
extreme environmental conditions. The development of 
_fluorochemical-cooled transformers* resulted in the col- 
lection of valuable information on properties of these 
materials (J, 2).+ The work has since been extended 
to include the behavior of fluorochemicals in electronic 
systems. An important new area of investigation has 
been concerned with the use of fluorochemical vapors 
for cooling purposes. Recent work indicates that the pure 
vapors of some fluorochemicals at temperatures far in 
excess of 200 C have revealed no toxicity hazard. 


Types and Properties of Fluorochemicals 


A list of fluorochemical compounds is given in Table 
I. Of those listed, two gases, perfluorethane (C.F,) and 
sulfur hexafluoride (SF,), and two liquids, perfluoro- 
dibutyl cyclic ether (FC-75i) and perfluorotributyl amine 
(FC-43) have been extensively used because of their 
ready availability and favorable physical properties. Per- 
fluoroethane has about 20 per cent less electric strength 


* Bureau of Ships contract, 1952, with Raytheon Company for investigation of 


the utility of fluorochemical liquids and gases in transformers and reactors. 


t Italic numerals in parentheses refer to Cited References at end of text. 


+ Code reference. 
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(Fig. 1) than sulfur hexafluoride. However, it is con- 
siderably more stable thermally, has a lower condensa- 
tion temperature, and does not form acidic substances 
under corona conditions. The two liquids mentioned may 
be mixed to obtain any desired degree of volatility be- 
tween their respective boiling points of 101 and 177 C 
(+ 3 deg for the commercial material). While satisfying 
most electronic heat transfer requirements, the wide 
boiling range material offers a saving in cost. Require- 
ments for a low boiling point liquid exist in some ap- 
plications. Though not a commercial item, such materials 
can be obtained in experimental quantities. 


Types of Cooling Systems 


The simplest cooling system is one in which the com- 
ponent or system is completely submerged in a liquid 
with a suitable boiling point. No boiling liquid comes in 
contact with the hotter portions of the equipment. Cool- 
ing of liquid occurs on the interior of the equipment 
container, which may have extended fins on the outside 
surface. The outside surface alternatively may contain 
channels through which air or a liquid coolant is forced, 
such as a methanol-water mixture. A void space within 
the container is filled with nitrogen or a dielectric gas 
such as sulfur hexafluoride or perfluoroethane, to allow 
for expansion of liquid. In some instances a separate 
expansion chamber is provided in order that the case 
containing the electronic equipment may be completely 
filled with liquid at all times. A single expansion cham- 
ber can serve several electronic units. 

Forced convection of a fluorochemical is usually em- 
ployed in connection with a separate heat exchanger. 
which may be of the liquid-to-air or liquid-to-liquid 
type. The external coolant may be either air or a cooling 
fluid supplied from a central source. A number of 
electronic units may be cooled in either a series o1 
parallel fluid-flow arrangement. 

To alleviate the problem of contamination, a primary 
coolant may be pumped through tubes located within 
the electronic package, which is filled with a fluoro- 
chemical liquid. Circulation is accomplished within the 
package by natural convection. 

Problems of extreme heat concentration and high 
ambient temperature are usually solved by the evapora- 
tive technique. Surfaces generating as much as 20 watts 
per sq in. may be cooled with only a few degrees tem- 
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Techniques in Electronic Equipment 


perature rise by using a fluid which boils actively in 
contact with the hot surface. The vapor is condensed 
by means of cooling tubes located in the top of the 
package or, in some cases, just below the surface of 
the liquid. 

Treatment of void space over the boiling liquid varies 
according to the particular requirements of the system. 
Low-voltage applications of high heat concentration may 
employ an evacuated void space. In high-voltage equip- 
ment, the most difficult problems are those of extreme 
low-temperature environment and radical positioning 
during operation. Owing to the high electric strength of 
the vapor (Fig. 1), the equipment, once it is heated by 
electrical losses during operation, will function in any 
position without danger of arc-over. If the equipment is 
required to operate at a high voltage before warm-up, 
two alternatives are possible. The first is to design the 
equipment so that high voltage areas are submerged in 
liquid or adequately protected by solid insulation at the 
most extreme angle of inclination that will ever be 
encountered. A second expedient (already noted) is to 
fill the void space with nitrogen or a dielectric gas. The 
wide range in solubility of high dielectric gases such 
as SF, over a wide temperature range results in pressure 
variations which have to be carefully calculated. With 
nitrogen, pressure varies within a narrower range. Gas 
in the void space results in somewhat reduced condensa- 
tion heat transfer; however, the boiling heat transfer 
is changed but little and the overall coefficient is good. 

In order to reduce overall weight, certain evaporative 
systems may be only partially filled with the coolant 
fluid. Problems of position of the equipment must be 
considered for each application. Heat generated during 
operation will provide sufficient vapor to protect areas 
not immersed in liquid from arc-over; conditions of 
low temperature and extreme positioning in this instance 
are determining factors. Variations in pressure due to 
solubility of dielectric gas become less severe as the 
ratio of liquid volume to gas volume is diminished. 

The list on page 91 gives the various cooling sys- 
tems in which fluorochemicals have been applied. 


Fluorochemical-Vapor Techniques 


A recently developed technique using gaseous and va- 
porized fluorochemicals as dielectric-cooling media (3) 
offers large savings in weight, greater ease of servicing, 
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Density relative to air at | atmosphere 


Fig. 1 


Relative electric strength of gases and vapors. 


Table I—List of Fluorochemical Liquids 


and Gases 


Perfluoroethane 

Sulfur hexafluoride 
Perfluoropropane 
Perfluorocyclobutane 
Perfluorobutane 
Perfluorodimethy]l cyclobutane 
Perfluorodipropyl cyclic ether 
Perfluorodibutyl] cyclic ether 
Perfluorotributyl amine 


Perfluorinatéd ethers (wide 
boiling range) 


Boiling point, 
deg C 


Availability 


Commercial 
Commercial 
Commercial 
Commercial 
Limited 
Limited 
Limited 
Commercial 
Commercial 


Limited 
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Fluorochemical-Vapor Cooling Techniques 


\. os os 5 
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Left: Magnetic components of a miniature power supply con- 
sisting of plate transformer, filament transformer, and four 
chokes compactly packaged in a cylindrical container 4 in. 
diam by 4% in. high. Output is 350 volt-amperes. The container 
is half-filled with FC-75; void space is filled with a fluorochemi- 


Power supply magnetic package designed for airborne use. 
Output is 8840 volts at 468 milliamperes d-c plate supply, plus 
6.3 volt, 10.4 amp filament supply, or a total of 4200 va. Three- 
phase, 400-cycle power transformer and filter choke are pack- 
aged in a container 6 x 614 x 11 in., weighing 30 lb. This unit 
is filled with FC-43 for natural-convection internal cooling. It 
is designed for external cooling by means of SFg under forced 
convection. 


A 63-kva power-supply package for airborne radar appli- 
cation consisting of 3-phase power transformer, filter 
choke, and silicon diode assembly. Output is 10.5 kv at 
6 amp d-c. The package is 26'4,¢ x 13146 x 1754 in. and 
is filled with FC-75 for cooling, principally by natural 
convection with some boiling in critical areas. External 
cooling fluid (FC-75) is pumped through tubes inside 
the case at 3.5 gal per min at an inlet temperature of 
55 C. Total weight of package filled with FC-75 is 475 Ib. 
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eal gas. Total weight, 6 lb. Unit will operate in 85 C ambient 
with natural convection cooling at an altitude of 50,000 ft. 
Right: volume occupied by the equivalent components sepa- 
rately encapsulated. 


An aircraft weapons-system supply with power transformers, 
choke, and diodes delivering 26 volts d-c at 23 amp from a 
200-volt, 3-phase input. Internal coolant is FC-43 with a fluoro- 
chemical gas in void space, Container has fins for external air 
cooling at average fin temperature of 85 C. 





and high heat-transfer coefficients in areas of high heat 
concentration. In this system, the cooling medium is a 
dense gas-vapor mixture consisting of SF, or C.F, plus 
a small amount of a fluorochemical such as FC-75, which 
is liquid at low temperatures but becomes completely 
vaporized during operation of the equipment. At ex- 
tremely low temperatures, the non-condensable gas 
provides necessary dielectric protection and cooling in 
critical areas. In the operational temperature range addi- 
tional vapor is automatically supplied, improving heat 
transfer and inhibiting corona. 


Forced Convection 


The theory underlying the vapor cooling method may 
be readily understood from an examination of the fol- 


lowing heat-transfer equations. For natural convection 


_K een = 
( 7( aR (1) 


which may be rearranged to 


] CK0% 20.5 (2) Q) 
uL 


The equation for forced convection applicable to most 
electronic problems is 


: K DVp ar Cu i i 
n= oH (MY (2) © 


which may be rearranged as 


Kos V0.8 10.8 


C 
DP? y°-4 


where 


h. = coefficient of heat transfer 

C = a constant 

K = thermal conductivity 

L = length of surface 

q = gravity conversion factor 

8 = coefficient of thermal expansion 

c = specific heat at constant pressure 

p = density 

At = temperature difference, surface to cooling fluid 

lu viscosity 

D = diameter of duct 

V = velocity of flow of gas 

These equations show that in natural convection the 
heat-transfer coefficient varies as the 0.75 power of 
thermal conductivity, the square root of density, and 
the 0.25 power of specific heat and reciprocal viscosity 
of the cooling fluid. In forced convection, the coefficient 
varies as the 0.6 power of thermal conductivity, the 0.8 
power of density, and the 0.4 power of reciprocal vis- 
cosity and specific heat. The cooling abilities of the 
fluorochemical gases and vapors are due partly to their 
high densities, which may range from five to twenty-two 
times that of air. Another factor which applies to those 
materials which are liquid at room temperature but 
which vaporize during operation of the equipment is low 
viscosity. Since viscosity of gases, unlike liquids, in- 
creases with temperature, lowest viscosity values prevail 
at temperatures not far above the boiling point. 

In forced-convection gas-cooling of equipment, power 
consumed by the fan or blower is important since it 
determines the size and weight of fan and influences the 
weight of generating equipment. Since power varies as 
density times the cube of velocity, and heat transfer 
{Eq (3)] varies as the 0.8 power of density times velo- 
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Basic systems in which fluorochemical 
liquids and gases are used as dielectric 
cooling agents 


Liquid convection systems: 
a) natural convection 
b) forced convection 


Evaporative systems: 

a) with evacuated void space 
b) with nitrogen 

c) with dielectric gas 

d) partial immersion 

e) with wicks 

Systems using gases and vapors: 
a) natural convection 

b) forced convection 


Refrigerated systems 


city, it is evident that high-density gases will yield better 
heat-transfer coefficients for a given amount of fan 
power than low-density gases. 

The relative cooling abilities of various gases and 
vapors at equal fan power can be calculated from Eq (4). 
Table II presents the cooling properties of air, SF,, 
helium and a fluorochemical vapor. The fluorochemical 
vapors are more efficient cooling agents, based on equal 
fan power consumption, than helium, which is well 
known for its heat-transfer properties. The high thermal 
conductivity of helium is more than offset by the high 
density of the fluorochemical vapors, resulting in greater 
cooling effects per fan horsepower for the latter materials. 


Cooling-System Design 


In a typical vapor-cooled electronic package (Fig. 2), 
the finned tubes may be mounted on a plenum which 
distribute the vapor through the cooling fins 
in proportion to the heat dissipated by the tubes. A 
small fan blows the gas-vapor mixture into the plenum 
through the fins, and into a gas-to-air heat exchanger 
consisting of long parallel ducts arranged along one side 
of the electronic box. Emerging from the heat exchanger, 
the cooled gas re-enters the box and flows at relatively 
low velocity past the various electronic components, 
which may be thermally mounted to a cold plate cooled 
by air. High coefficients of heat transfer prevail in the 
vicinity of the tube fins, where heat density may be as 
high as 20 watts per sq. in. of surface. Coefficients at 
the surfaces of components such as transformers and 
chokes are lower, due to lower gas velocity. 


serves to 


However, 
the coefficients are greatly in excess of those attainable 
using air coolant. A cooling system of this type elimi- 
nates all problems of liquid expansion and liquid level, 
minimizing pressure variations with changes in tempera- 
ture. 

Refrigerated systems using fluorochemical vapors have 
also been built and tested. These are useful in extreme 
cases where the temperature of the cooling air is higher 


91 





than the desired operating temperature of the equipment. 
One such system employs a compressor to raise the con- 
bie) -) EM ee 0) tik a Met teeta iti is denser temperature above that of the cooling air. This 
Coefficients of Gases in Forced Convection type, however, incurs a weight penalty due to the com- 
Prete Tet) thd ia pressor and associated equipment. The primary re- 
frigerant may be Freon-12 in a mechanical system em- 

ploying a compressor. 
Relative Relative convection In the fabrication of equipment utilizing gases, vapors 
Cooling gas density coefficient or vacuum, special techniques must be employed to 
of heat transfer insure the absence of leaks over long periods. Container 
castings must be impregnated to eliminate porosity. 
Air—1 atm Ceramic terminals are high-temperature brazed in hy- 
ii aiiahi drogen atmospheres. Neoprene, silicone rubber or stain- 
eineitites less steel §-rings are used to seal covers and connectors. 
Containers, terminals, and closures are leak-tested with 
the helium mass-spectrometer. Leak rates of less than 
He—1 atm 3 ce per year are routine specifications. OOC 


SFe—2 atm 


He—2 atm . 
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Integration of Systems Engineering 
With Component Development 


(Continued from page 87) 


niques and concepts, both system and component de- 
signers must change their basic viewpoints and start 
asking different questions. 

The system designer must start at a new level of 
synthesis, specifying his needs only in termis of basic 
system functions with properly weighted objectives. This, 
in turn, will stimulate his imagination and effort to 
higher levels of sophistication in system organization 
and logical design. Thus, the range of possible solutions 
open to the component designer will be greatly broad- 
ened in terms of such functional requirements. 

In turn, the component designer must not only look for 
new and better ways of making and interconnecting ele- 
ments into functional modules. Without being impeded 
by circuit element concepts, he must go directly to the 





physics of electrons, atoms, protons and photons in 
seeking basic functions. 

Developments of semiconductor stepping devices, gyra- 
tors, isolators, acoustic delay lines, and masers prove 
that such things can be done, if only the right questions 
are asked from the proper viewpoint. OOO 














Fig. 2—Schematic diagram of fluorochemical-vapor cooling 
system. 
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Nuclear Radiation Effects 
On Electrical Ceramics 


Table 1—Types and Units of Nuclear Radiation’ 


A. Types of Radiation 


Radiation 


Neutron (n) 


fast (ny,) 


thermal (n,) 


Proton (p) 
Deuteron (d) 


Alpha (a) 


Fission products 
(F/P) 


Electron (e) 
beta (8) 


Electromagnetic! 

radiation 

(photons) 
gamma (y) 
X-rays 


Description 
Basic nuclear particle: | 
1837 X mass of an elec- | 
tron; no charge, unstable 


10 electron volts energy 
or more 


0.025 electron volts en- | 


ergy or less 


Basic nuclear particle; 
1835 X mass of electron; 
unit charge,° stable 


Neutron-proton combina- 
tion, stable 


Helium nucleus, 2 neu- 
trons, 2 protons, stable 


Fragments of fissioned 
source materials; iso- 
topes, e.g., Ba, Kr, Xe, | 
etc. 

Basic nuclear particle, 
unit mass, unit charge 
stable 


Radiation having wave- 
lengths of the order of 
1077 to 107! cm 


B. Units of Radiation 


Sources 


Nuclear reactions 


Reactors 


Particle accelera- 
tors, nuclear re- 
actions 


Particle accelera- 
tors, nuclear re- 


| actions 


Particle accelera- 
tors, nuclear re- 
tions and reactors 
Split nuclei of 
uranium, pluton- 
ium 


Particle accelera- 
tors, nuclear re- 
actions and re- 
actors 


Nuclear reactions, 


| reactors and accel- 


erators 


One r (roentgen) is that quantity of X-rays or gamma rays 
which will produce, as a consequence of ionization, one elec- 
trostatic unit of electricity, of either sign, in one cc of dry air, 
as measured at 0 deg C and standard atmospheric pressure. One 
r is therefore equivalent to the absorption of 83.8 ergs per gm 


of air. 
One rep (roentgen equivalent physical) is that quantity of 
ionizing radiation which, upon absorption in the body tissue, 
deposits 93 ergs of energy per gm of tissue. 
One rem (roentgen equivalent man) is equivalent to that 
-. quantity of radiation which produces the same biological 
damage in man as that caused by the absorption of 1 r of 
X-rays or gamma rays. 
Neutron flux (nv) = neutrons/sq cm 
Integrated neutron flux (nvt) = neutrons/sq cm > 
Megawatt days per central ton (MWD/ct) 3 


time (sec) 
10"? nvt 


® Source: “Radiation Effects on Ceramics,”’ J. R. Johnson 
9.1085 & 10-** gm 
© 4.8 X 107'% esu 
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Ceramic materials are increasingly applied 
for circuit components in equipment op- 
erating in nuclear environments. Their 
behavior under such environments is a 
critical design parameter. This report 
tabulates the results of several programs 
that have evaluated the nature and extent 


of radiation damage to ceramics. 


WILLIAM E. ROWE, Research Engineer 
J. R. JOHNSON, 


Minnesota Mininc & MANUFACTURING COMPANY 
St. Paul, Minnesota 


{tomic Energy Coordinator 


CERAMIC MATERIALS are being increasingly used in the 
electrical systems of nuclear reactors, particle accelera- 
tors and irradiation facilities. To design such systems 
properly, it is necessary to possess workable informa- 
tion regarding the stability of ceramic materials under 
nuclear radiation environments. The changes in the phys- 
ical, chemical and electrical properties of these ma- 
terials are a function of the composition of the ma- 
terials, the nature of the radiation source, the rate and 
dose of radiation exposure and the general environ- 
ments. 

This review will provide basic definitions, summarize 
applicable principles, and present unclassified* tabular 
data covering types of ceramics, electrical applications 


and specific irradiation damage. 


able data are still 


1 Access Pe 


classified but can be 
rmit Program 


obtained thro 


Editor’s Note 


This article is the fourth in the series dealing with the 
effects of extreme environments (such as ultrahigh tem- 
perature and nuclear radiation) on materials and com- 
ponents. The first of this series, a 24-page staff review 
titled “Electronic Materials and Components for Extreme 
Environmenial Problems” by Alex. E. Javitz and Paul G. 
Jacobs, appeared in the November 1958 issue. 





Nuclear Radiations 


Nuclear radiation (see Table 1) is of two types: 
(a) electromagnetic radiation, and (b) particle emis- 
Electromagnetic radiations are 
X-rays and gamma rays. The latter are similar in char- 
acter to X-rays; they are highly penetrating and have 
short wavelengths. 

Particle radiations may be either charged or un- 
charged. The charged particles, such as the alpha, beta, 
or proton particles, are referred to as ionizing radia- 
tions since, because of their charge, they cause ioniza- 


sions. composed of 


tion as they traverse matter. 

Radiation from a nuclear reactor consists of neutrons, 
gamma radiation, fission products, and beta radiation. 
X-ray 
produced from particle accelerators such as the cyclo- 
tron and Van de Graaff generators. 


Proton, deuteron, electron, and radiation are 


Nature of Radiation Damage 


Practically any material will undergo some change in 


Table If — Radio-Sensitivity of Nonmetallic 
Materials * 


Exposure, 

Material, nonmetals nvt Change in properties 

Germanium diodes and 10" 
transistors 


Loss of rectification and 
amplification 


Cuprous oxide diodes 10" Loss of rectification 


Glass 10'* Coloring 
Polytetrafluorethylene, 10'° 
cellulosics, and _ poly- 
vinyl methacrylate 


Loss of tensile strength 


Water and _ least-stable 
organic liquids 


Gassing 


Silicon diodes Loss of rectification 


Natural and butyl] rubber Loss of elasticity 


Stable organic liquids Gassing 


Butyl rubber Softening 


Polyethylene Loss of tensile strength 


Mineral-filled phenolics Loss of tensile strength 


Natural rubber Hardening 


Hydrocarbon oils Increaase in viscosity 


Mineral-filled Furan, Du- 
ralon, Haveg 41, asbes- 
tos-fiber-phenolic, Kar- 
bate 


Darkening in color, little 
other change 


Nylon Impact strength decreases 
but tensile strength in- 
creases—becomes brit- 
tle 


Polystyrene Loss of tensile strength 


Tensile and impact 
strengths decrease 50 
per cent 


Mineral-filled polyester 


| Reduced thermal conduc- 
tivity (devitrification 
or pseudo-crystallinity 
develops in some glas- 
| ses) 


Ceramics 


*See Cited References (1) and (2) for source material 
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Table lll —Fields of Use of Ceramics in Electrical 
Components 


i 


Dielectrics 
capacitors 
high-electric-strength 
ceramics 


Refractory insulators 
vacuum-tube insulators 
thermocouple protective 

tubes 
electrical insulation 


Circuit components 
resistors 
transducers 
printed circuits 
coil forms 
stable oscillator circuits 


Cermets 
powdered iron cores 


Ceramic spacers permanent magnets 
Spé ‘ 


tube electrodes 
Tube envelopes 

low-voltage 

high-voltage 


Electrical porcelains 
high voltage—low frequency 
high frequency 
spark-plug insulation 


ST 


radiation 
field because of the action of the radiation on the 
material. The degree of the change in any physical or 
chemical property of a material is a measure of its 
radiation damage. Radiation damage is a function of 
the nature of the material, the total dosage of radiation 
absorbed by the material, the general and specific type 
of radiation involved, the particular property being 
measured, and the energies of the radiation particles. 

As nuclear particles traverse a material, they transfer 
energy to the electrons or nuclei of the atoms of the 


physical or chemical properties in a given 


material in quantities sufficient to rupture the chemical 
bonds. Transfer of energy to the electrons produces 
heat but does not produce permanent damage in some 
materials, notably metals and alloys; with nonmetals 
this transfer of energy to electrons does produce dam- 
age. Particles which interact with the nuclei of atoms, 
however, produce permanent damage in all materials. 
The nature of radiation damage may be classified as 
follows: 


Radiation Type of Damage 


nr Scattering of ions in crystal lattices (relatively minor), 
ionization, F-center 
Neutron-lattice nucleon reactions. 
Nuclear reactions, lattice displacements (greater for 
the larger particles and higher energies), ionization. 
Displacements and ionization (severe). 


lonization by recoil electrons (relatively minor). 


formation, minor displacements. 


lonization (secondary from + interactions with elec- 
trons as follows): 
Photoelectric effect (low energy ys)—Interaction with a 
K or L electron where all of the y photon energy is given 
to the electron, ejecting it from the atom. 
. Compton effect (intermediate energy y's)—Interaction with 
an electron where some of the energy goes to the recoil 
electron and the rest remains with the Y photon (now 
degraded in energy) which may make still more collisions. 
Pair production (high energy y’s)—-Absorption of the y 
photon in the nucleus with the emission of an electron 


pair, e and e’, 


Radiation Sensitivity of Nonmetallic Materials 


Two groups of solid nonmetallic materials are used 
in connection with the electrical components of nuclear 
systems: plastics and ceramics. 

Plastics, in the unfilled condition, are essentially 
pure organic compounds; it would therefore be expect- 
ed that they will be adversely affected by radiation 
because of the ease with which interatomic covalent 
bonds are broken. 


ELECTRICAL MANUFACTURING 





Table II abstracts some previously published (J, 
2)* data on radiation sensitivity of nonmetallic ma- 
terials. Polystyrenes are the most stable of the pure 
plastics systems. The use of a filler (for example, as- 
bestos) often considerably enhances the radiation sta- 
bility of a plastics material. Plastics systems that are 
affected by radiation to a great extent are phenolics, 
vinyl polymers, cellulose derivatives, melamine and 


* Italic numerals in parentheses refer to Cited References at end of article. 


urea resins, nylon, polyethylene and polyesters. The 
irradiation effects in the plastics are usually manifested 
as color changes, embrittlement and decrease in impact 
and tensile strengths. 

Because of the instability of the organic compounds, 
it has been recommended (3) that inorganic (ionic) 


materials be 
mica and ionic 


whenever possible. Examples are 


ceramic capacitors, ceramic resistors 


and ceramic-bodied precision limit switches. Ionic crys- 


tal-type ceramics 


Table IV — Ceramic Materials Used in Electrical Applications 


Material Ceramic 


Al,O; (alumina) High-alumina porcelain corundum 
BeO Minor ingredient in some steatite 
bodies 


SiO,: quartz, tridymite, Glasses, porcelains, steatites, fused 
crystobalite silica 


Vitreous: all forms Steatites, forsterites 


TiO, Titania, titanate ceramics 


Zirconia, zircon porcelain 


SiC: hexagonal cubic Silicon-carbide refractories 


& Graphite 


Glasses Silica glass 
Soda-lime glasses 


Borosilicate glasses 


Lead glass 
Spinel (MgO ° 3.5AI.O;) Spinel 
Forsterite (Mg.SiO,) 


Forsterite vitreous ceramics 


Porcelain: clay, flint, 
feldspar 


Low-voltage porcelain 


High-voltage porcelain 


Steatite (MgO - SiO.) 


Steatite vitreous ceramics 


Cordierite 


(2MgO - 2A1,0; « 5SiO,) 


Cordierite refractories 


Zircon (ZrO, - SiO.) 


Zircon porcelain 


BaTiO Barium titanates 


Mica [H2KAI;(SiO,)s] Muscovite-mica, ‘‘white mica” 


* American Lava Corporation, Chattanooga, Tennessee 

> Corning Glass Works, Corning, New York 

© High-voltage porcelains are available from the following 
1. Locke Insulator Division, General Electric Co., Baltimore, Maryland 
2. Lapp Insulator Co., Inc., LeRoy, New York 
3. Knox Porcelain Company, Knoxville, Tennessee 
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Typical trade grades | 


AlSiMag 614* 


AlSiMag N750T96 


AlSiMag 508 
AlSiMag 504 


AlSiMag 539 


Corning 7900” 


Corning 7910 
Corning 0080 


Corning 7760, 
7720, 7050 


Corning 0010 
AlSiMag 684 
AlSiMag 243 


AlSiMeg 196 
AlSiMeg 243 


AlSiMeg 196 
AlS' Meg 35 
AlSiMag 197 


AIS Mag 202 


AlSiMag 475 


AlSiMag T-148-B 


ASTM Spec. 
D351-49T 


or, possibly, mineral-filled plastics 


Applications 


Automotive spark plugs 


Extremely high thermal conductivity 
ceramic; 40 to 50 times that of ordin- 
ary electrical porcelain 


Low-loss, high-temperature insulation 


High-voltage insulation 


Ceramic capacitors, lightning arrester in- 
sulation, high-dielectric-constant cer- 
amics, temperature-compensating cer- 
amic capacitor dielectrics 


Refractory bodies, spark plug cores 


High-voltage, high-temp insulation 


Heating elements, lightning arresters, 
nonlinear resistors 


Heating elements, reactor moderators 
High-temperature glasses 

Ultraviolet transmission glass 

Lamp bulbs 


High-wattage lamp and tube bulbs 


Stems for lamps and radio tubes 


Thread or ceble guides 

High-frequency, low-loss insulation; sup- 
ports in cathode-ray tube mounts 

Switch bases, low-voltage wire holders, 
light receptacles 


Power line insulation 

Low-loss, high-frequency insulation 
Electrical appliance insulation 
Heater wire supports 


Heating elements, thermocouple insula- 
tors 

Spark plug cores, high-voltage, high- 
temperature insulation 

Ceramic capacitors, ultrasonic transdu- 
cers, piezoelectric elements 

Structural or insulating members in 
vacuum tubes 





may be used for electrical insulation in selsyns and 
other motors, and for general electrical 
radiation environments. 


wiring in 


Specific Data on Radiation Damage to Ceramics 


The effect of high-energy radiation on ceramics is 
usually the production of lattice defects, with the least 
damage done to ionic crystals of the simplest structures. 
Anisotropic structures and highly covalent crystals are 
particularly sensitive to damage. Most of the radiation- 
induced effects can be annealed out by heating. Gen- 
erally, damaged ceramics are annealed in the tempera- 
ture range 600 to 1200 C. With graphite, less damage 
is incurred if the irradiation takes place at higher than 
room temperature. This is probably also true for most 
ceramics. 

The properties affected by radiation-induced lattice 
defects are summarized as follows: 


Properties Affected by Radiation-Induced 
Crystal Lattice Defects (4) 


Structural and 


mechanical Electronic Rate processes 


Paramagnetism 1. Diffusion 

2. Density 2. Optical absorption 2. Ionic conductivity 

3. Elastic constants Photo conductivity 3. Phase change 

4. Hardness 1. Dielectric loss 

5. Thermal 5. Electrical 
conductivity conductivity 


1. Crystal structure | 


4. Chemical reactions 


Table III] enumerates the variety of ceramic applica- 
tions to electrical component technology. 

Electrical component applications are given in Table 
IV for the important ceramics. for which specific radia- 
tion information is presented in Table V. 


Future Work 


One of the aspects of ceramics about which not 
enough is known is the effect upon them of nuclear 
radiations at high working temperatures. In view of 
the interest in high-temperature operations, engineering 
data on radiation effects at high temperatures will have 
to be worked out by testing component assemblies to 
appropriate simultaneous high-temperature/high-radia- 
tion fields. 0 0 0 
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Table V—Effects of Radiation on Certain Ceramic Materials® 


Material Radiation' 


2 X 10° nvt 


Effects 


No change in X-ray pattern. No change 
in thermal conductivity. 
change, probably F-center phenomena. 


Remarks 
Effects noted on both single crystals 
and polycrystalline (hot pressed) 
alumina. 


Some color 


Color change, F centers 


0.3 per cent expansion in Cy, none in a» as 
determined by 


X-ray 


| os ‘ ~ . a ; 
Polycrystalline (hot pressed) samples. 
pattern. No 


change in thermal conductivity. 


Decrease in therm: 
Color change, F centers. 
Decrease in density to about 2.25 (17.7 


per cent change); no macroscopic de- 
fects or loss of structure, color changes, 


F centers. 


Tridymite 
Cristobalite 


Vitreous: all forms 


1 conductivity 


Quartz: Change in axial ratio c/a*® from 
1.1 to about 1.06 at this dosage, two 
macroscopic holes parallel to C axis 
form on annealing at 950 C. Density 
changes annealed out at 1000 C. 
Significant energy release shown by 


DTA at 600 C. 


Decrease in density to 2.25 


Increase in density to 2.25 


F-center color changes to deep violet or 


dark brown. 


® Source: “Radiation Effects on Ceramics,” J. R. Johnson 
b he n basic nuclear particle (see Table I for further explanation 
Y gamma rays 
F/P fission products 
Ne thermal neutrons 
net integrated neutron flux 
r roentgen 


gth to width” ratio for the individual hexagonal etruc- 
atoms which is the repeating unit in the quartz 
is the length along the major axis of the hexagonal 
s the length of the cell in a direction perpendicular 
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Table V—Effects of Radiation on Certain Ceramic Materials’ (continued) 


Material 


SiC, hexagonal 
Cubic 


Graphite 


Glasses 
Silica 


Soda-lime 


Borosilicate 


Spinel 
(MgO ° 3.5A1,0;) 


Forsterite (Mg.SiO,) 
Porcelain 
Steatite (MgO ° SiO,) 


Cordierite 


Zircon 


BaTiO 


Mica (muscovite) 
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Radiation” 


| 
(n) 2 * 107 nvt 
| 
| 


(n) 2 X 10” nvt 


(n,) 3 X 10% nvt 


(n) 1 X 10” nvt 


(n) 1 107° nvt 


(n) 


(n) 2 X 10” nvt 
(y) ~ 10’ r 


(n) 2 10°" nvt 


10°° 


(y) 


(nm) 2 10”? nvt 


(vy) ~ 10% r 


(n) 2 X 10” nvt 


(y)™= 10’ r 


(n) 10° nvt 


(nm) 1 10° 
2 X i¢ 
(y) = 10’ r 


(n) 2 10 


(y) = 10’ r 


(n) 2 10” 


(y) = 10’ r 





Effects 


No change in X-ray pattern, slight de- 
crease in thermal conductivity, color 
change. 

Radiation-induced phase change, mono- 
clinic to cubic; no change in cubic lat- 
tice, slight decrease in thermal conduc- 
tivity. 


0.63 per cent expansion in a,, 0.83 per 
cent contraction in c., formation of 
lithium and helium in lattice; fragmen- 
tation. 


0.3 per cent expansion, loss of crystallin- 
ity. 


0.76 per cent expansion. 


Lattice expansion, c,; slight contraction, 
4, volume expansion up to 4.5 per cent 
(unsaturated) at 2 X 10%! nvt. Strength 
increases to a maximum of 3-4 times 
initial value at 107° nvt, and decreases 
to about 2 times original at higher 
exposures. A similar exchange occurs 
with Young’s modulus. Thermal con- 
ductivity may decrease ( 50) at 107! 
nvt. Electrical resistivity increases (XX 
3) at 107* nvt. 


Degree of short-range order lessened, 
density changes to 2.25, color change, 
F centers. 


F center color change to deep violet. 


Degree of short-range order lessened, 
color change to brown, F centers, no 
change in thermal conductivity. 


F center color change. 


Degree of short-range order lessened, 
color change, F centers, decrease in 
thermal conductivity (* 2), severe 
surface checking. 


F center color change. 
Devitrification to Pb and other products. 


Darkens to brown color. 


No change in crystal structure, decrease 
in thermal conductivity (* 2), color 
change, F centers. 


F center color change. 

Loss of crystallinity, decrease in thermal 
conductivity (x 4), color change, F 
centers. 

1.9 per cent expansion, large to complete 
loss of crystallinity, decrease of thermal 
conductivity ( 5), color change. 


F center color change. 


2.87 per cent expansion in a), marked 
color change. 


F center color change. 


1.7 per cent expansion in c., decrease in 
thermal conductivity (X 2). 


No effects noted. 





Remarks 


Polycrystalline (sintered) samples. 


Polycrystalline (sintered) samples. 


Changes, substantially annealed at 
1200 C. 


One of the most studied materials. 
Details should be sought in refer- 
ences. Changes are dependent on 
directions of measurement with 
respect to crystal axes. Changes are 
less if irradiation takes place at 
higher temperatures; e.g., 200 C. 
Nearly complete annealing takes 
place at 1000 C. 


Color changes to deep purple at about 
10” nvt and after about 10" nvt 
clears to a light pink. 


Darkening rate is reduced by additions 
of CeO, to glass. 


Single crystal. 


Polycrystalline. 
Polycrystalline. 
Polyeryoualiine. 
Putveryutaiiins sintered. 


Polycrystalline sintered. 


Polycrystalline sintered. 


Single crystal. 





Positioning Accuracy to 0.01 Inch 
With Simplified Numerical Control 


An 


Electrical 


ee , MRS oe oR 


Sof Report 


Statement of the Production Problem: Convair 
Division of General Dynamics Corporation, the “‘cus- 
tomer”, set up these functional requirements for the 
machine: 

To spot-weld sheet-metal missile fin assemblies of 
either 1020 carbon steel or 17-7 PH stainless steel, 0.016 
to 0.090 in. thick, against both heavy and thin reinforc- 
ing members. 

Four pieces of maximum area of 20 x 20 in. or one 
piece 20 x 80 in. to be spot-welded simultaneously and 
fully automatically under numerical programming con- 
trol with provision for “manual” set-up by pushbutton. 
Approximately 430 spot welds are made on each control 
fin and 730 spot welds on a dorsal fin. 


Solution to Production Problem: Because it re- 
quires access to only one side of the assembly, Heliarc 
spot welding, developed by Linde Company, Division of 
Union Carbide Corp., was chosen in place of conventional 
resistance spot-welding which requires placing the work 
between two electrodes. In Heliarc spot-welding, welds 
are produced by a tungsten electrode arc, shielded by 
inert argon gas of high purity. The method is particu- 
larly advantageous over resistance welding where the 
bottom piece of the joint is thicker than the top section 
by more than 4:1 and where the weld nugget of parent 
metal formed should not mar the underside of the joint. 

A method of instantaneous arc ignition is employed 
that does not involve high frequency sources and accom- 


Multiple-torch Heliare spot-welding 
machine built by Expert Welding 
Machine Co., Detroit, for Linde Com- 
pany, Division of Union Carbide 
Corp. New York, using Farrand 
numerical positioning control for X-Y 
coordinate motions of torch heads and 
Tilt motion of work fixture. Power 
supplies include four  are-welding 
transformers (rear) and motor-driven 
hydraulic pump. 

<a 


”_> 
Fig. 2—Manual dial panel is door- 
mounted on machine positioning 
control console supplied by Far- 
rand Controls, Inc. In the console, 
tape reader is at top, cavity for end- 
less tape loop at bottom. On the dial 
panel there are four digit-setting 
knobs for each motion (X, Y and 
Tilt), one knob for weld-time selec- 
tion and one for setting weld current 
manually. Numerical readout is by 
electronic indicating tubes and num- 
bered dials. Data input circuits are 
in cabinet at rear. 
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In applying program control from 


punched tape to a multiple-head inert- 
atmosphere arc spot-welding machine, the 
desired linear positioning accuracy of 
0.030 in. was obtained without using all 
the refinements required of basic machine- 
tool feedback transducers. For each coor- 
dinate movement, system employs coarse 
and fine resolvers, electrohydraulic servo 


valve, hydraulic motor and leadscrew. 


panying r-f interference problems. A pilot are is main- 
tained continuously between torch cup and electrode. 
thus keeping the electrode hot and the gas ionized. This 
permits the main arc to be started instantaneously. Ma- 
chines can be equipped with a multiplicity of are torches 
(see illustration on facing page). 

Machine Requirements: The machine for this appli- 
cation called for four welding heads capable of being 
advanced to and withdrawn from the work position 
automatically. Head assemblies were to be mounted on a 
carriage capable of longitudinal movement of 20 in., 
the carriage in turn mounted on a saddle capable of out- 
and-in movement of 20 in. The work-support platen is 
carried in trunnion bearings to allow a rocking motion to 
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Optional 


This valve used 
for jogging 


| 
| 
| 
| 
| 
| 
| 
| 
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+ 
| To other 
|lvalves 





High pressure 


ot be 
\ 


| 
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Fig. 1—Hydraulie servo circuit. Shown here is the circuit for 
one of three tape-controlled motions. On the complete spot- 
welder there are three rotary hydraulic motors, each governed 
by an electrohydraulic servo valve and hydraulic pilot valve 
for hydraulic clamping. The solenoid-operated valves are for 
manual jogging by pushbutton during set-up. 





permit alignment of tapered pieces at right angles to 
the axes of the torches. 


Machine Design, Mechanical Aspects 


Under subcontract to Linde, the Welding Machine 
Division of Export Tool & Die Co., Inc., Detroit, Michi- 
gan, designed and built a tape-controlled welding machine 
to Linde’s specifications. 

Each torch is mounted vertically on a linear ball- 
bearing slide which is moved by individual air cylinders 
under control of a solenoid valve. Torch holder is a water- 
cooled copper alloy with a gas cup assembly at lower 
end to be brought in contact with the workpiece to con- 
trol the spacing between the electrode and the workpiece 
and to provide controlled clamping pressure of the parts 
during the weld cycle. Balanced air pressures are pro- 
vided for this purpose. Through flexible hoses, cooling 
water, filtered and lubricated compressed air (from shop 
source) and argon gas are supplied each torch. Electrode 
connections are made to the torches and the work platen 
through which the weld circuit is completed. 

Slide and saddle movements are obtained through 
ball-bearing lead screws mounted in dual radial preloaded 
ball bearings. Actuation of slides is by hydraulic motors 
controlled by servo valves. 

Ways are made of ductile iron castings flame-hardened 
and ground. Ways and screws are protected from dirt 
and spatter by accordion-type covers. 

There are three power sources for this machine: arc- 
welding current from four arc-welding transformers rated 
at 300 amp; compressed air (80-100 psi) from shop 
line, and hydraulic power developed from a Vickers 
(T30A-104) driven by a 5-hp, 
1200-rpm, three-phase motor. 


hydraulic power unit 


Requirements of Program Control 


Automatic numerical positioning control and program- 
ming of all auxiliary functions was called for by digital 
data punched into paper tape, as follows: 

1. Command X and } 
with respect to each spot weld and also command tilt 
angle of work platen. Placement of spots was to be 
within 0.030 in. Motions are to be controlled within 
0.01 in. 

Select torches (1 to 4). 
Select weld current in 10 steps. 


positions of welding torches 


. Select weld timing from 10 preset values. 

Positioning Control: A simplified electrohydraulic 
servo control is employed for positioning the arc torches 
in response to signals read from the punched paper tape. 
Power actuators are piston-type rotary hydraulic motors 
operating through reduction gears and governed by 
electrohydraulic servo valves. The hydraulic circuit is 
shown in Fig. 1. Positional feedback voltage signals are 
obtained from coarse and fine resolvers, matched against 
discrete voltages from tapped transformers selected by 
the tape control. Limit switches are used to protect against 
overtravel and to check clamping of workpieces in 
fixtures. 

Numerical information can be fed into this equipment 
in two ways: by manual decade dials and by pro- 
grammed punched-paper tape. With the dials, Fig. 2, the 
positions of the three machine motions and the values 
of weld current and weld time can be selected for set-up 
and for determining numerical values to be inserted in 


100 


the tape. Information is punched into the tape in sequence 
by use of a modified Flexowriter, using a special binary 
decimal code on a 1-in., 8-hole tape. The numerical in- 
formation from either source is stored in 10-point step- 
ping switches, one for each of the four digits (00.00) of 
the X, Y and Z (tilt) motions and one each for time, 
current and torch selections. There are 10 combinations 
of command signals available for each torch. 

The positional control equipment was supplied by 
Farrand Controls, Inc., New York. Its standard control 
usually uses the Linear or Rotary Inductosyn® as the 
accurate measuring element. These devices are in the 
form of metallic deposits on insulated plates or disks in 
the form of hairpin turns to form an inductive pickup 
between the moving and stationary members. Accuracy 
is + 0.0001 in. for the linear scale. The arc spot-welding 
machine does not require this accuracy so it was decided 
to use a pair of resolvers for positional feedback in con- 
junction with a ball screw. The control equipment, how- 
ever, uses the same stepping-switch units and electronic 
components that are used with the Inductosyn systems. 

Rotary hydraulic motors were chosen for this appli- 
cation because of their high power in small space and 
fast response. Use of a ball-bearing leadscrew with the 
motor has allowed the servo valve and its torque motor 
to be controlled directly by a linear d-c error voltage 
without the need for special servo correcting networks, 
another aspect of the simplification of control obtained 
in this application. 

Figure 3 shows in block diagram form how the error 
voltage is handled for one movement. (The other two 
are identical.) Command-voltage signals from stepping- 
switch storage are fed to the fields of the coarse and fine 
resolvers whose rotors are geared to the machine-slide 
leadscrew so that one makes 1 rev for 40 in. of travel, 
and the other 1 rev for 1 in. of travel. The error signals 
from the resolver rotors are amplified and switched by 
the SW-2 unit. 

The output from this unit will be the coarse error if 
the machine slide is more than 0.25 in. from the desired 
position. The resultant error signal is amplified and phase 
detected by the DA-] unit. Its d-c output is roughly pro- 
portional to the distance from the final command position ; 
the polarity indicates the direction from that position. 

This d-c 


motor in the proportional hydraulic servo valve govern- 


output is amplified to control the torque 


ing the hydraulic motor which drives the machine slide 
to the required position. Clamping of the slide is accomp- 
lished by the on-off 4-way valve (see Fig. 3). Provisions 
can be made in the circuitry for servo correction networks 
and tachometer feedback, but as indicated previously, 
these were not needed on this particular machine. 

Tests on the positioning ability gave a repeatability of 
about 0.001 in. for all motions, with a linear speed of 
A complete cycle of positioning and 
for short-time 


60 in. per min. 
welding can be accomplished in 3. sec 
welds and motions of less than 1 in. between spots. 

The block in Fig. 3 indicating stepping-switch storage 
includes circuits for digital-to-analog conversion in order 
to match command signals in digital form from the tape 
to the analog positional feedback signals from the re- 
solver rotors. The circuit principle is most easily ex- 
plained by first considering a chain of three resolvers, 
Fig. 4. It would be possible to insert digital commands 
into the first resolver in steps of 36 deg, into the second 
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Fig. 3—Block diagram of the data-processing section of Farrand nimerical control system applied to one movement of spot welder. 


in steps of 3.6 deg, and into the third in steps of 0.36 
deg. Thus, the first resolver rotates 0.1 of a cycle and 
the second and third 0.01 and 0.001, respectively. This 
type of circuit would result in an input numerical sys- 
tem where each digit is entirely independent of the 
others and is theoretically accurate. It would require ex- 
tremely accurate detents on the resolver shafts. Ob- 
viously, this type of device is not particularly attractive 
as an actual input device. 

An arrangement of tapped transformers equivalent to 
the resolvers of Fig. 4 is shown in Fig. 5. The first trans- 
former is tapped to supply voltages in the ratio of the 
sine and cosine of the desired angle in 36-deg steps. 
These taps can be wired to a tap switch or stepping 
switch to choose the desired combination of the 10 pos- 
sible. Thus, the output of this transformer circuit will 
be the same as the output of the first resolver shown in 
the previous figure. These two voltages are then applied 
to the two transformers shown in the middle of the figure. 
These transformers have two secondaries each so tapped 
that the ratio of the number of turns is the sine of the 
chosen angle for one secondary, and the cosine for the 
other. The chosen angles are in 3.6 deg steps. The sec- 
ondaries of these two transformers are then connected 
in series so that the equation for the sine of the sum of 
two angles is satisfied. Thus, the output of this set of 
two transformers is the sine and cosine, respectively, of 


Fig. 4—Use of resolvers as a digital-to-analog converter. 
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Iho 
Oo 
e<— 


Ssin 3.6° 





0.36° Steps 


Fig. 5—Arrangement of tapped transformers equivalent 
resolver digital-to-analog converter of Fig. 4. 








Fig. 6—Simplified version of the transformer converter of Fig. 
5 used in the Farrand welder program control. 
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Preset functions: Selector switches on panel 
provide for turning torches 1-4 off and on in 
two circuits (lines 19 and 25) one in the pri- 
mary contactor, the other in the torch-down 
valve line. “Weld” on and off selector switches 
are in series with the torch switches in the 
primary contactor line. The specific current 
settings are obtained through tape signals and 
preset potentiometers. 

Double-contact pushbuttons provide: for se- 
lection of manual, automatic or automatic con- 
tinuous (not shown) modes of machine opera- 
tion and are tied in with signal lights. Press- 
ing the Automatic button ties in the tape 
control and sets up circuits in the Master 
Start relay (MSR) and the Unclamp relay 
(UNR). 

The two Cycle Start buttons on the machine 
are in series with several contacts that assure 
the machine is ready to start. The Automatic 
PB switch should be on and the four torches 
should all be returned up as read by limit 
switches 7LS to 10LS and relay TRR. When 
relay MSR is energized, it energizes Unclamp 
relay UNR, provided all the protective over- 
travel limit switches (1LS-6LS) are in their 
normally closed positions. Relay UNR con- 
trols the solenoid pilot valve which in turn 
unblocks the three valves (four-way) in the 
three hydraulic motor circuits. “Clamping” 
of the three tape-controlled machine slides is 
accomplished hydraulically by these valves 
which, when not energized, block both hy- 
draulic lines to the drive motors, thereby 
overriding the servo valves. 

Torch. No. 1 Down solenoid valve is tied 
in with a relay contact energized by the tape 
control and two contacts on Torch Down 
relay W2R governing the four heads. Relay 
W2R (when not under manual control) is 
energized from a contact from a welding 
timer control panel (Weltronic). In turn, It 
energizes Time-Delay relay 37D to control a 
circuit (line 17) that indicates that the weld 
cycle has been completed. 

Read Tape relay depends upon a contact 
in the tape control. and also relay NSR, the 
Secondary Start relay. It in turn is backed 
up by the Start Delay relay ITD, governed 
again by contacts in the tape control. 

Starting Up: A series of automatic inter- 
locking steps is involved once the two Cycle- 
Start buttons on the machine are pressed and 
the Master Start relay is energized. Relays 
UNR and VR (lines 17 and 23) are energized, 
provided the machine has not been over- 
traveled as indicated by the overtravel limit 
switches. Relay UNR unclamps the hydraulic 
motor circuits (Fig. 1) and VR causes the 
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hydraulic power system to build up to:its ner- 

mal pressure setting. ; 
The slides and table now move to their 

next position as controlled by the servo valves 


Te 


tion. All three servo valves are now 
and can cause no further machine mov 

If the tape control has set up the 
variables, contact TR closes, energizing 
relay TD which, after a short 
Sécondary Start relay NSR, 
weld sequence. Relay NSR also 
12 to obtain a tape control signal to ener, 
Read Tape relay RT and de-energize t 
. Master Start relay MSR. 

Series of limit switches on. line 13 
work is properly clamped (Fixture A) before 
Weld Timer Pilot relay is energized. (It is 
timed out by relay 27D.) In line with an in- 
terlocking contact in the tape control, relay 


E 
valk 


ge 
i 


TSI (also TS2, 3, 4) is energized to operate - 


solenoid air valve SV5 and bring Torch No. 1 
Down in conjunction with Torch Down relay 
W2R, which is energized through an interlock 
from the Weltronic electronic weld-timer 


Delay relay 3TD, which is used to energize 
relay CCR when it times out to indicate 
“Weld Cycle Complete.” Relay CCR releases 
Clamp relay CLR and together with relay 
ACR (line 5) sets up the Master Start relay 
for another round of “Automatic Continuous” 
operation. 

The torches are carried up and down by 
double-acting cylinders controlled by single- 
solenoid spring offset valves. They move down 
when their respective solenoids are energized 
by relay W2R and return up when W2R is 
d i 
Weld power for the torches is brought in 
from welding transformers through primary 
and stcondary contactors (remote from the 
control panel). The primary contactors are 
energized through relay FSR. 

The primary contactors are essentially set- 
up circuits, tied in with two selector switches 
in series with Fail Safe relay FSR in series 
with a pressure switch PSI held closed if 
there is pressure in the argon line. 

The secondary contactors are torch selector 
contacts energized through Torch Selector 
relays TS1-4 from contacts in the tape control 
unit. In series with the FSR relays are flow 
switches to assure that argon gas is flowing 
to the heads. 

Limit switches ILS to 6LS are NC contact 
types and are used to protect against over- 
travel beyond the servo controls of the two 
slides in both directions and of the trunnion 
fixture. To signal that all four welding torches 
are up, limit switches 7LS to JOLS are used. 
There are eight NO contact limit switches 
built into two sets of part-holding fixtures to 
indicate that workpieces are properly clamped. 
Only one set of fixtures is used at a time and 
hence the limit switches are wired for inter- 
changeable plug connections (line 13). When 
‘Fixture A is in use, LSI1 to LS14 are “jump- 
ered out” by the plugs of LS15 to LS18 and 
vice versa for Fixture B. 
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the sum of the angles chosen by the two switches. The 
third set of transformers operates in the same manner 
as the second except that the angles are chosen in steps 
of 0.36 deg. The result is that these three 10-point selec- 
tor switches will choose any desired combination of 1000 
possible steps. This divides the 1.0-in. cycle of the simu- 
lated “resolver” into 1000 parts or 0.001 in. per step. 
A voltage error of about 0.6 per cent will correspond to 
0.001 in. 

In a simplified circuit, Fig. 6, the second and third 
digits are accomplished with transformers having one 
secondary without any tap and another secondary tapped 
corresponding to the tangent of the desired angle. There 
is no approximation in this method of attack since an 
angle can be specified by its tangent. There is a small 
change in overall gain or sensitivity by this simplifica- 
tion, but the actual mechanical position of the nulls will 
be correct. This type of circuit has been chosen for the 
are welder application because of its simplicity. 

Since the welding machine is required to accept com- 
mands within a resolution of 0.01 in., an even simpler 
circuit is feasible in which the transformers for the 0.36- 
deg steps are eliminated. A similar circuit is used for 
the analog input to the 40-in. cycle coarse resolver. Thus 
digital data on the tape might command an X-dimension 
of 11.21 in. Stepping switches would set up voltage taps 
corresponding to 11.2 in. for the coarse resolver feed- 
back and to 0.21 in. for the fine resolver. There is an 
overlap digit (0.2) obtained from a single transformer 
tap to tie in the analog voltage signals from both the 
coarse and fine resolvers. 


Auxiliary Controls 


Control of all the auxiliary functions not tied in with 
the electrohydraulic servo positioning system is_ illus- 
trated by the simplified schematic wiring diagram, Fig. 
7. Typical of “Detroit Automation,” it includes push- 
button controls, selector switches for setting up manual 
or automatic operation relays, limit switches (some 18 
used either as overtravel protective devices or to assure 
that the workpieces are properly clamped), time-delay 
relays. and solenoid valves. This system controls the 
vertical movement to and from the work of the four 
torches under air power, the application of electrical 
power to the torches and the tieing in of electronic weld 
timers housed in a separate “black box.” Through four 
banks of 10 potentiometers each, the current range for 
each torch can be called off from the tape through relay 
contacts (WH). The tape control also selects the desired 
weld timing through 10 preset pots. 

Provisions have been made for stopping the machine 
for errors and wrong information. The machine will not 
move if any number is inserted in the tape larger than 
the maximum possible motion of the machine. Most er- 
rors in tape preparation such as wrong codes and im- 
proper number of digits will also cause the machine to 
stop. The cycling of the machine and the control equip- 
ment is thoroughly interlocked. A split cycle of tape read- 
ing allows the control equipment to read the dimen- 
sional information for the next weld while the machine 
is welding, and read the weld information while the 
machine is moving to the next position. A null relay is 
connected to each positioning control to tell the machine 
that it has finished positioning and cause the cycle to 
continue. O00 
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The 


Electrical / 
Manufacturing 


Fundamental Properties 


Of Plastics 


THE EXISTING LITERATURE on plastics too often 


tends to fall into three classes: (1) the highly 
the superficial and 
uncritical, and (3) the “popular-science” type. The 
equipment design engineer usually finds the first 
category difficult to understand and assimilate; he 
finds the second two of little, if any, practical use. 
What he needs, therefore, is the ability to make 
use of the information available in the first cate- 
sory. He should be able not only to comprehend 
the exhaustive published data, but also to go be- 
yond the meaning of these data. He should be 
able to understand what in the molecular nature 


technical and scientific, (2) 


Thomas D. Callinan, senior author of “The Funda- 
mental Properties of Plastics,” now with the Research 
Center at IBM, was previously for 10 years with the 
U.S. Naval Research Laboratory in the capacity of 
consultant to several divisions. He is widely known 
for his work in polymers generally and in solid, 
liquid and gaseous dielectrics. He is responsible for 
much of the early work in glass-fiber paper, quartz 
paper and other paper dielectrics. Mr. Callinan holds 
a Bachelor’s degree in chemistry, is a senior member 
of the American Chemical Society and the Institute of 
Radio Engineers, and is a member of the Conference on 
Electrical Insulation and TAPPI. He is the current 
vice chairman of the Electrical Insulation Division, 


of a polymer, or in the mechanism of the poly- 
merization process, determines the final properties 
of the bulk material he specified. He should be 
able to understand the theoretical possibilities in 
contemporary research work as well as the theo- 
retical limitations. 

The Basic Science and Engineering article begin- 
ning on the page opposite is designed to provide 
the engineer with a key to this essential knowledge. 
For example, a study of this article would make 
it possible for him to understand why a_ poly- 
styrene has a low dielectric constant and low arc 
resistance, or why a TFE-fluorocarbon has ex- 
tremely low loss tangent and is highly resistant to 
solvents. The interrelation of physical and elec- 
trical characteristics will have a significant mean- 
ing to him in his design work. 

Plastics materials, historically, are relative new- 
comers. In many of their characteristics and po- 
tential applications. research has barely scratched 
the surface. For this reason, it is particularly im- 
portant that the design engineer be fortified by a 
knowledge of fundamentals; he can thus fully 
understand the nature and purpose of experimental 
work being done and apply such information to 
both current and future design problems. 

One extremely important area is the work being 
done toward a radical improvement in the struc- 
ture and mechanical properties of plastics. Despite 
the existing wide use of plastics for such functions, 
much research effort is underway to increase the 
strength of plastics materials greatly—perhaps by 
a factor of 100. Here is probably the most active 
phase of current research. The theoretical basis 
for this work is summarized in the Appendix to 
the present article. 

Significant commercial results have already been 
achieved in plastics of higher mechanical prop- 
erties. Those products will be included in a series 
of articles dealing with new developments in plas- 
tics molding materials to appear in future issues of 
ELECTRICAL MANUFACTURING. 
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SCIENCE & ENGINEERING 


The basic science of polymers is interpreted for the 


design engineer in terms of molecular. chemical and 


electron mechanisms and their effect on functional 


applications of plastics. 


THOMAS D. CALLINAN 


Research Center 
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Yorktown Heights, New York 


ALEX. E. JAVITZ 
Special Features Editor 


| N ITS FINAL MOLDED FORM, a plastics part is the re- 
sult of molecular and chemical experiences. To evalu- 
ate, specify and apply engineering materials as diverse 
and complex as plastics, the equipment design engineer 
should be able to understand the nature of these ex- 
periences. He needs a practical knowledge of the funda- 
mental science of polymeric materials: the basic mole- 


cular structures, the chemistry of polymerization, the 
electron forces, the relation of these mechanisms to the 
final engineering properties, and the relationship be- 
tween the properties themselves. 

This article intends to provide the design engineer 
with this fundamental knowledge—in effect, to permit 
him to use this knowledge as a working “design tool.” 


(Copyright 1959 by C-M Technical Publications Corporation) 
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Formation 


Polymers are formed from monomers by two principal 
mechanisms: (1) addition and (2) The ul- 
timate engineering properties of polymeric materials are 
determined by these mechanisms. Addition 
which a number of molecules 
a product whose molecular weight is equal to the 
sum of the molecular weights of the reactants. Conse- 
quently, no other products are formed. A polymer such as 
polyethylene, for example, is formed from ethylene. The 
addition 


condensation. 


reactions are 
ones in interact to 


form 


process may be shown as 


rM—(M) 


where x is the number of original molecules of molecular 
weight M (M), represents the high-molecular-weight 
polymer formed by the addition ofx molecules. Condensa 


and 


tion products are the result of a reaction of molecules 
having bi-functional properties. Self-condensation is one of 
two possible reactions of this type. It can occur when the 
functional groups in the same molecule are different but 
mutually reactive; this condition may be represented as 


AB— ABAB 


type of 
interaction of 


involves the 
which is 


condensation 


different 


The second reaction 


two molecules, each of 


thus 


AA BB— 


bi-functional, 
AABBAABB 
Ihe 
phthalate Or 


widely used polyesters (such as polyethylene tere 


Mylar) are formed by this mechanism 


Addition Polymerization 

The process of addition polymerization can be further 
explained by three mechanisms 
third (and 


anisms 


two involve ions, and the 
All three mech- 
factor—the non-uniform 
and unpredictable growth rate of the polymer chain. The 
growth is slow to start, picks up speed suddenly and ex- 


most 


free radicals 


common 


common ) 


derive from a 


tremely fast, decays almost as quickly 
In all three 


Stages 


then three discrete 
(1) initiation, (2) propagation and (3) cessation 
The mechanism by which the addition polymer forms de 
pends primarily on the first stage 


involves the 


mechanisms there are 


To illustrate, if this step 


interaction of a positive ion, M with the 


of Polymers 


vinyl monomer CH CHX, to form a positively charged 
complex, the mechanism is said to be cationoid and is 


repr esented as: 


M*t++ CH CHN — MCILCHX 


(initiation) 


MCILCHN Ci CHX — MCHL.CHXCHLCHN 


(propagation) 


> MCHL.CHXCH.CHAM 


(cessation) 


MCILCHNCHLCHAN M 


Interaction of the positively charged ion (this may be 
a particle like CH,*) with the vinyl monomer constitutes 
the initial step. As a result, the electrons of the unsaturated 
or double-bond group are rearranged. Two of the four 
electrons shift to a position between the M+ and the car- 
bon; this move results in a covalent link and discharges 
the M+. Thus, in the case where M+ is CH,*, one electron 
is missing, Which is normal to its uncharged state. When 
CH,+ combines with the vinyl monomer it acquires this 
missing electron by donation and the vinyl contributes a 
second electron to make a single covalent band. This may 
be represented as 

Cl CH CHX — CH; : CH, : CH 

One electron is missing from the product; as a conse- 
quence of this deficiency, the particle acquires a positive 
charge. Incidentally, the quenching or cessation reaction 
may occur simply by the interaction of the polymer with 
some free electron with which it happens to collide. By 
similar reasoning, a negative ion, M~—, may initiate addition 
polymerizations. In_ this may be 
shown as 


case the reactions 


M+ CH CHNX — MCEHLCHN (initiation) 


MCHLCHN Ci CHX — MCHLCHAXCEHLCHN 


(propagation) 


VMCELCHNCILCHN M*t— MCH.CHXCHL.CHXAM 


(cessation) 


The primary mechanism in uncatalyzed bulk and solu- 
tion addition polymerizations postulates the formation of 


Glossary 


Debye 
for a 
change in the 


time — the 
compound to 


relaxation 
polar 


time required 
respond to a tive mass of 
applied electric field the basis of 
kthoxy content—the 


groups in a 


percentage of reactive 


Monomer 
joining together 


been 
transformed into ethyl ether derivatives 


molecule which have 


to form 


Maxwell's Law of Mixtures—the logarithm 
of some property of a mixture of mate 
rials is equal to the sum of the products 
fracuion of 
ithm of the 
component. In the 
constant ¢ of a mixture of 50 
polystyrene (« 2.5) and 50 


Non-polar 


center ol 
compound 


of the volume each compo the 


property 
case of the tric 


nent and the loga 


sf 


each moment 
dielectric 
- . ; 
per cent s Plastic—a 
per cent glass (¢ 6.3) the law is 
shaped at one 
subsequently 


product at 


0.5 log 2.5 0.5 log 6.3 
(0.5) (0.39794) 0.5 (0.79934) 


log « 


0.198970 0.399670 another 


0.598640 


39 Polar 


Molecular weight of a substance—the rela 
compound 


molecule of oxygen being 


molecule which is ca 
with 


long chain 


compound 
center of positive charge is identical with 
negative 


possesses no permanent elec 


material composed of 
molecules and capable of being molded o1 
stage 
becoming a 
Stage 


compound—one 


permanent electric moment r one in 


calculated on which the center of positive charge is not 
2 contiguous with the center of 
Such a condition 


formation of an electric dipole 


negative 


charge leads to the 


ible of 


molecules ke itsell 
Polymer—a long-chain molecule formed by 


the addition or 


molec 
condensation of short 


chain molecules 


one im which ss the 


Polymerization—the which a 
long-chain molecule is formed by the ad 
dition or condensation of its basic struc 


tural units 


process by 


charge Such 


long-chain required for a 


sudden 


Relaxation time—the time 
system to respond to changes in 
of processing ind conditions 


relatively rigid 
Syothetic resin—an condensa 
tion product. The term is usually applied 


possesses to materials which are thermosetting 


amorphous 


which 
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a free radical, an organic particle that happens to possess 
an unpaired electron. Paired electrons are equivalent to 
one bond in organic chemistry and are considered to be 


which is a statement in the electron form. This higher- 
molecular-weight free radical then reacts with another vinyl 
monomer molecule 


the equilibrium state to which all atoms tend. 
The free-radical process may be represented chemically CH; : CH, : CHX * + CH, : : CHX — CH;CH,CHXCH,CHX 


(propagation) 


to form a still higher-molecular-weight particle. The propa- 
gation is terminated by the interaction of two free radicals 
thus: 


M° + CH CHX — MCH; CH 


(initiation) 


or in the case of the free radical methyl, CH.°, 


MCH.CHXCH.N” + M’ — MCHLCHXCH.CHAM 


CH,’ + CH; : : CHX — CH; : CH : CHX’ (cessation) 


Glossary of Chemical Symbols 


Explanation 





Indicates progression of a chemical reaction toward a conclusion. 





An anonymous positive ion. The superscript (*) denotes a positive ion. 
P Pp Pp 





A negative ion 








An anonymous organic group composed of atoms of carbon and hydrogen. Such 
a group is known as a radical. 








A typical molecule. In this case, urea composed of 1 atom of carbon, 1 atom of 
oxygen and 2 amino (NHg) radicals. Connecting lines indicate joining of atoms 
wherein a number of electrons are shared. The number of lines is equal to the 
valence of that atom or radical. 





Dots denote number of electrons shared between two atoms. 





HC CH 
or || |. Structure of benzene 
HC CH 

Yc 
H 


HC CH 
wor 
H 





stereo Denotes a catalyst for starting a chemical reaction going in the direction of the 


catalyst arrow, and producing a specific polymer configuration. 





—CH2CH»0— | 


x indicates number of groups present (in this illustration, of [—CH2CH»0—1]) 


Each dot represents repetition of the basic radical CH3 
| 

SiO 
| 


CH3 CH3 


Such a device is typical of other formulae. 


Capital letter X denotes a halogen. 





Example: 


stereo R R’ R R’ 
CHR’ ———> ftp 


catalyst CHCHCHCH 


RCH 


x 


where the general molecule RCH = CHR’ composed of the radicals R, R’ and CH are held together by a double bond denoting the 


sharing of two pairs of electrons between two carbon atoms. In the presence of a catalyst, polymerization occurs to form x number 
of molecules of a new compound. 
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Condensation Polymerization 


Ihe mechanism of condensation reactions follows the 


classical rules of organic synthesis; there is a regular step 
wise process that does not cease until the last reactive 
groups disappear. Modified polymers have been prepared 
that consist structurally of various proportions of different 
chemical monomers. There are three possible combinations 
of these mixed polymers: copolymers, block polymers and 
‘raft’ polymers 

Copolymers are usually prepared by mixing two dif- 
ferent monomers M, and M, (each of which ts capable 
of polymerizing alone) and causing the mixture to poly 
merize. The resultant product, instead of being a mixture 


of two polymers 


VIiMvMEM 


VLMLVEM 


copolymer 


Vi.ViLM,VLMM 


pending on the proportions of M, to M 


Structure 


[he structure of a polymer molecule, as well as the 
position of each group of atoms in space, appreciably 
iffects the ultimate properties of the molded plastics parts 
An analysis of the structure of polyethylene, for example, 
mia be used to develop this point As shown here, the 
polyethylene polymer consists of a zigzag chain of carbon 
atoms in a plane; two hydrogen atoms are attached to each 


ot these atoms 


Such a product is stereochemically symmetrical. On the 
other hand, three other types of stereochemical structures 
are obtained by a replacement of the hydrogen atom on 
illernate carbons. These are called atactic, isotactic and 
indicating that the attached groups are ran- 
domly oriented, oriented all on one side of the carbon 
and alternately placed on either side of the carbon 


plane as shown 


syndiotactic 


pl inc 


Different characteristics can be obtained from the same 
monomers through the use of a technique known as block 
polymerization. This consists in causing a monomer M, 
to polymerize slightly to some state (M,), and another 
monomer M,, to polymerize slightly to some state (M.)),. 
The two low-molecular-weight polymers or “blocks” are 
then blended and caused to copolymerize to a high molecu- 
lar weight. The product may be represented as having the 
structure 

~M.M,M.M,M,M.M.MeMEM) MM 

\ third way by which modified polymers are prepared 
is called graft polymerization. The process consists in tak- 
ing a polymer and causing some of the groups attached 
to the chain to react with a reagent not previously in the 
[his may be represented as 


ViiM.MiM B— VIM MEM 


system 


B 
This technique can be used with advantage where it is 
desirable to modify the original properties of a polymer 
so as to eliminate an undesirable characteristic or intro- 
duce a new one. In effect, a new characteristic is “grafted 


on” by polymerization techniques 


of Polymers 


One of the ways these three stereochemical isomers dif- 
fer is in their melting points. For polymers of equal molec- 


syndiotactic isotactic 


ular weight, the order is atactic 
This is because the cohesive forces between adjacent mole 
cules increase in this order. If a still stronger force could 
be had between molecules, the materials would not melt 
at all. Polymers that do not melt, but decompose and char 
on being heated, are said to have polymerized in three 
dimensions and form a lattice resembling that known to 
exist In crystals 

[wo-dimensional polymers can be transformed into the 
three-dimensional by causing two or more adjacent poly- 
mer chains to interact. This effect is termed “cross-linking” 


ind the end product is called a “cross-linked polymer 


Polymerization Catalysts 


The old-fashioned concept of catalysts held that they 
promote chemical reactions, but take no part in the syn- 
theses. This concept is now considered as too elementary 
The mechanisms of catalyst activity are now known to be 
either (1) a surface adsorbtion of the reagents, thereby 
permitting reagent intimacy, or (2) an intermittent forma- 
tion of molecular compounds with one reagent, followed 
by redeposition after reaction with the second reagent. 

The effect of a catalyst on a stated reaction introduces 
still further consideration: (1) Is the catalyst essential for 
the reaction? (2) Does it make the reaction proceed with 
greater ease? (3) Does it produce specific results? For ex- 
ample, until recently oxygen was considered essential to 
the production of polyethylene at elevated pressure and 
temperatures. More recently (/)* the combination of alu- 
minum triethyl and titanium tetrachloride known as a 


* Italic numerals in parentheses refer to Cited References at end of article 
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Ziegler catalyst permits polymerization of ethylene at low 
pressures and, consequently, fulfills the requirements of 
the second class of catalysts. The Ziegler catalysts, more- 
over, produce specific results in terms of properties: the 
low-pressure polyethylenes are denser, stiffer and have a 
higher melting point than the high-pressure materials. 


This class of catalyst (known as “stereospecific’) is of 
great importance in contemporary polymer research. It 
permits low-pressure synthesis of the isotactic and syndio- 
tactic polymers (previously described) and allows the poly- 
mer molecules to grow to higher molecular weights than 
is possible with conventional catalysts. 


Production Processes and Polymer Properties 


The properties of polymers are as dependent on their 
method of preparation as on such molecular constants as 
degree of polymerization, crystallinity and molecular 
weight. (The reader should distinguish clearly between the 
molecular mechanism of polymerization previously dis- 
cussed and the commercial chemical processes described 
here.) In general, there are four commercial methods: 
bulk, emulsion. solution and suspension polymerization 
CZ) 

If polymerization of vinyl chloride is used as the ex- 
ample, bulk polymerization will proceed by causing the 
monomer to condense in the presence of a small amount 
of an organic peroxide in an autoclave under pressure 
Since the solid polymer produced is insoluble in the mono- 
mer from which it was produced, it settles out as a horny 
white solid possessing a wide distribution of molecular 
weights, but suffering from thermal degradation because 
of the almost uncontrollable heat of reaction of the proc 
ess. The process is of interest because polymers tree of 
ionic impurities and able to absorb plasticizers easily are 
produced by this method 

Emulsion polymerization consists in dispersing the 
monomer in water containing a small amount of sodium 
stearate and potassium persulfate, or ammonium persul- 
fate with hydrogen peroxide and sodium hydrosulfite. A 
polymer forms rapidly and can be precipitated, washed and 
dried. While such polymers contain ionic purities that re 
sult in poor electrical properties, their availability in latex 
form makes this process attractive. This process yields fine 
particles of polymer rather than the large hard pieces 
secured trom bulk techniques 

The solution polymerization technique consists in dis 
solving the monomer in a solvent and causing it to interact 
in the presence of a catalyst such as benzoyl peroxide 
This technique is used when copolymers are desired and 
the monomers are not mutually soluble 

Suspension polymerization consists in dispersing the 
monomer under pressure in water in the presence of a 
Stabilizer and a catalyst 
mer is dependent upon the reaction temperature, high 


The molecular weight of the poly 


temperatures resulting in low molecular weights 


Irradiation techniques have great potential importance 
in polymer synthesis and as a commercial production 
process. There are three techniques that may be used: 
(1) the irradiation of a monomer so as to produce a poly- 
mer without the use of either catalysts or heat; (2) the 
irradiation of a polymer so as to cross-link it and trans- 
form it into an infusible plastic; and (3) the irradiation of 
a polymer in the presence of another material so as to 
cause the second to react with the polymer and change its 
properties. 

Among the radiant energies which have been used suc- 
cessfully in polymer synthesis and modification are X-rays 
and gamma rays, electrons and beta rays, and ultraviolet 
rays. The first four are primarily ionizing radiations and 
are effective in polymer synthesis through a collision proc- 
ess. Thus an energetic gamma ray on passing through a 
monomer like ethylene may collide with an electron and 
cause it to leave its orbit permanently. This is represented 
ds 


Cll Ci. — cil cil ¢ 


where is the entering gamma ray and is the exiting 
one having less energy by an amount equal 
and CH CH.,’ is the 


ionized ethylene which (because of its state) serves as a 


gamma ray, 
to the energy of the electron e, 


chain starter according to the cationoid mechanism 
CH CH CH CH, > CHLCELCILCH 


The chain continues to grow until an electron or anion 
collides with it and quenches the charge thus 


KR e—>R 


High-energy radiation, even when it does not collide 
directly with a molecule’s electron, can in passing excite 


it to a state where it decomposes into free radicals, thus 
RH aa RH RB i 


which in turn undergo reactions which produce gases and 
polymers. 

Ultraviolet radiation differs in its action on monomers 
Through photochemical acquisition a monomer particle be 
comes activated and thus, in turn, propagates a chain 
usually through a free radical mechanism 


The Chemistry of Addition Polymers 


Organic substances which contain unsaturated carbon 
to carbon bonds (represented as (¢ C) are capable of 
polymerizing to high molecular weight solids according to 


the general reaction 


where the structure on the right indicates head-to-tail 
polymerization resulting in an isotactic polymer 
There are three large classes of these addition polymer- 
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izations based on the ability of the vinyl group (CH 

CH—) to react. The first is based on the hydrocarbon 
series, the second on the halogen series, and the third on 
the oxygen-constituted series. Because the properties of the 
products are so different, each class will be discussed sepa- 


rately 


The Hydrocarbon Series (Polyethylenes, 
Polypropylenes, Polystyrenes) 


In the order of increasing molecular weights, boiling 
points, and resistance to being polymerized to high-molec- 
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ular-weight solids, the hydrocarbons comprise 


ethylene Ci 

propylene CHCH 
n-butylene CHCILCH 
iso-butylene ( CH (CH) 

( CHECC(CHL) CH 


isoprene 


By the use of conventional catalysts of heat, pressure and 
aluminum oxide, atactic polymers can be formed with a 
variety of properties from wax-like polyethylene which 
melts at 106 C to the sticky elastomers of polyisobutylene 
and polyisoprene with brittle points of 30 C. With 
Ziegler catalysts the melting point temperatures of the 
products have been raised appreciably. The result is an 
indication of (1) an increase in molecular weight and 
(2) a significant degree of orderliness in the polymer 
chains. Thus the melting point of polyethylene rises from 
106 C to 128 C. In the case of polypropylene, an isotactic 
polymer melting at 175 C 

While the substances mentioned have been aliphatic, 
vinyl compounds having aromatic substituents are also 
capable of undergoing polymerization. Poly- 
styrene is formed by the addition polymerization of styrene 


is formed 


addition 


iccording to the representation 


While not developed to a large commercial extent, the 
polymers are 
electrical insulants 


coumarone-indene extremely valuable as 


high-resistivity These materials are 
addition products prepared by the reaction of coumarone 
and indene, two cyclic 


distillates 


compounds found in coal-tar 


The Halogen Series 
(Vinyls. Fluorocarbons) 
Ihe second class of unsaturated compounds are the 


halogen-substituted monomers, among which are the fol 


lowing 


vinyl chloride 

vinyl fluoride 

vinylidene dichloride 

monochlorotrifluorcethylene RCE 

tetrafluorcethylene Cl 
These monomers can be polymerized by the action of heat, 
pressure, ultraviolet light and catalysts to yield very tough, 
flame-retardant, heat-resistant, high-molecular-weight poly- 
mers. Except for polytetrafluoroethylene, these polymers 
are highly polar and possess relatively high dielectric con- 
stants at room temperature and low frequencies 


The Oxygen-Constituted Series 
(Vinyl Acetate, Acrylics) 
The third class of unsaturated monomers that yield 
addition polymers are the following 
vinvl acetate CH, CHOC (O)( H 
acrylu acid ( H ( HCOOH 


methacrylic acid CH CCOOH 


methyl methacrylate COOCH 


CH 
acrylonitrile CH CHEN 


These materials all polymerize according to the same 


addition scheme 


OC(O)CH., COOH, LN. 
important polymers 


Where X is respectively 

Two well-known commercially 
(polyvinyl formal and polyvinyl alcohol) have not been 
listed here since neither can be prepared from monomers 
Polyvinyl formal (the basis of the widely used Formvar 
magnet wire enamel) is produced by reacting formal- 
dehyde with polyvinyl alcohol, which is a grafting pro 
cedure (an “adding-on” of properties). Polyvinyl alcohol 
is prepared by saponifying polyvinyl acetate, a “degraft 


ing” procedure 


The Chemistry of Condensation Polymers 


Four condensaton reactions stem from the interaction 
(1) polyester 
ification, (2) polyamidation, (3) polyepoxidation and (4) 


of two or more bi-functional compounds 
condensation products of formaldehyde 


Poly esterification 
(Polyesters, Alkyds, Allylis) 


Polyesterification is the process by which two hydroxy 
groups in an organic molecule react with carboxy groups 
[here are three 


major end products based on this process: the alkyd 


in Organic acids or acid anhydrides 


resins, the many and diverse types of resins commonly 
called “polyester,” and the polyester-type fibers such as 
Dacron. The alkyds are reaction products of glycerin 
and phthalic anhydride as shown here: 


When modified by such materials as oleic and linoleic 
acids, the alkyd polymers acquire a film-forming char 
acteristic. Dissolved in suitable solvents, the modified 
polymers become the widely used alkyd varnishes 

The condensation ethylene glycol and 
maleic acid results in a polyester which, while not in 
itself a hard plastic, can be easily converted into one by 
the action of a trace of oxidizing agent. This material 
is sometimes blended with styrene and used as an jm- 
pregnant for glass fiber. A small amount of benzoyl 
peroxide or lauryl peroxide will cause cross-linking and 
solidification of this polyester to form a three-dimensional 


reaction of 


infusible solid. 

Ally! resins are a subclass of polyesters which have 
enhanced polymerizing tendencies owing to the unsatur- 
ated ne‘'re of the hydroxyl-bearing reagent. These 
resins are ;yrepared by condensing allyl alcohol with maleic 
or phth:itic anhydride. The resulting product (diallyl 
phthalat.) can then undergo addition polymerization at 
the double bonds to form high-molecular-weight resins. 
The so-called DAP polymers provide important plastics 
molding compounds exhibiting certain outstanding char- 
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acteristics, such as high dimensional stability. Other diallyl 
products include triallylcyanurate and diallylcarbate, which 
(because of their high heat resistance) are used in the 
manufacture of fire-retardant plastics laminates and mold- 
ing compounds 

The next described reaction of polyesterification is dis- 
tinguished from the other because the stereochemistry of 
the process leads to such startlingly different products. By 
reacting ethylene glycol with terephthalic acid, polyethyl- 
ene glycol terephthalate ts formed according to the scheme 


In film form, this polymer is the important electrical 
insulation and dielectric material known commercially as 
Mylar. In fiber form it is Dacron (or Terylene in Eng- 
land), used widely in industry, including some applica- 
tions in wire insulation structures and in electrical tapes. 


Polyamidation (Nylons) 


The polyamide group is produced by the interaction of 
dibasic acids and diamines, according to this represent- 
ation 


Ho.NCH CHLNU 
CILCONTHCH 


CH.COOH 
OCCH 


HOOCCH 
CILNH 


The group C(O)NH is the amide group, hence the 
name. The various nylon compounds are the most widely 
known examples of polyamides, nylon 66 being the con 
densation product of a six-membered acid, adipic acid, 


and a six-membered amine, hexamethylenediamine 


Urethane Polymers 


The polyurethanes are polymers possessing the urethane 
structure: 


NHCO 


They are prepared by the action of diisocyanates R(NCO) 
on glycols, triols and polyhydroxy compounds. Tolylene 
diisocyanate (TDI) is the most popular starting material 
for the polyurethanes sold commercially. Glycols, poly- 
esters and polyethers, when mixed with TDI, react to form 
long-chain polymers having the general structure 


NHCOROCNET NHCORJOCNE 


() ) () () 


These materials are used extensively as foamed plastics 
They are readily converted into three-dimensional net- 
works and, by leaving a trace of diisocyanate in the resin 
mix, Water can be made to react with it and cause expan- 
sion. Polyurethane foams have found increasing use as 
lightweight resins for electronic embedments 
Polyurethane magnet-wire enamels are another growing 
field of application. 


casting 


Poly epoxidation 


(Epoxy Resins) 


The epoxy group in organic chemistry can be described 
as a very reactive three-membered ring consisting of two 


carbon atoms and one oxygen; it is represented as 
c-—C 
O 


The simplest compound having this group as a constituent 
is ethylene oxide, 


ILC Cll 
O 


The epoxy polymers are complex condensation products 
that have rapidly acquired many applications in electrical 
equipment design. Since they cure or harden with very 
little shrinkage, the most important use has been in cast- 
resin systems for embedment and encapsulation of elec- 
tronic circuit components. (3) The epoxy polymer has the 
following structure for its repeating unit 


The polymer is therefore a polyether containing un 
reacted secondary hydroxyl groups. These groups serve as 
reactive centers for cross-linking and hardening the poly- 
mer. While the polymer may be prepared by a number of 
techniques, it is conventional to form it by reacting 
epichlorohydrin (chloropropylene oxide) with the conden- 
sation product of phenol and acetone known as bisphenol- 
A. The polymer is formed in a two-stage process, as 
shown here 


The hydroxyl groups can be reacted with dicarboxylic 
acids to form polyester cross links or the terminal chlorine 
atoms of any two chains can be linked by means of a 
diamine thus: 


RCI] + HANR’NEL + CIR ~ RHNR'NHR 


Formaldehyde-Condensation Preducts 
(Phenolics, Ureas, Melamines) 


The reaction products of formaldehyde, although 
among the oldest and best known of condensation poly- 





mers, are perhaps the most complex; their exact nature 
and structure are not known. Among these products are 
the phenolic, urea and melamine resins 

Formaldehyde (itself a gas) forms a white solid addi- 
tion polymer known as paraformaldehyde according to the 


scheme 


Phenol condenses with tormaldehyde to produce methyl- 


( Iphenol 


turn, condenses with another methylolphenol 


to form a chain thus 


The cross-linked, intusible polymer is obtained when an 


excess of tormaldehyde its used, resulting in the initial 


vnthesis of the trialcohol of phenol 


’0 condensations in three directions simul- 


is the phenol-formal- 


vhich can unders 
The infusible polymer 


plastic of commerce 


taneously 
lehyde resin or “phenolic” 

There are many variations and modifications of this 
hemistry other than the usual ones of catalysts, tempera- 
ture and concentration of reagents. In addition to phenol, 
ortho- and para-cresol are used extensively in wire enamels; 
ind resorcinol is used in the preparation of impregnants 


or plastics laminates, among other applications 

Formaldehyde reacts with urea to form dimethylol urea 
[his addition product ts water soluble and can be modified 

reaction with acid anhydrides and ethylene oxide. On 
the other hand, if it is heated, it is easily converted into 

thermosetting resin (urea formaldehyde) which is in- 
oluble in the usual organic solvents. The mechanism of 
this transformation is by means of loss of water by dime 
thylol urea through self-condensation 

ihe condensation polymer formed is white, heat harden- 
able and infusible; it is used in molding compounds and 
enamels, among other industrial applications 

Melamine reacts with formaldehyde in much the same 
way as does urea. The thermosetting condensation resins 
have a number of important industrial uses as molding 


compounds for electrical equipment parts 


Formaldehyde Linear Polymer 
(Acetal Resin) 

A linear structure similar to that of polyethylene starts 
with the formaldehyde molecule to form a chain of this 


order: 
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lhe dense crystalline linear structure results in a thermo- 
plastic polymer (as distinct from the formaldehyde thermo- 
setting polymers previously described). The structure of 
this polymer (identified generically as an acetal resin) is 
responsible for the unusual physical properties—in some 
instances comparable with those of metals 


Self-Condensation Polymers (Silicones) 


The silicones are a class of self-condensation polymers. 
The backbone or chain consists of Si—O linkages to which 
are affixed organic radicals such as methyl, phenyl and 
chlorophenyl. The monomer used in the synthesis of 
polydimethylsiloxane is dimethyl silanediol; it is prepared 
by the hydrolysis of dimethyl dichlorosilane (CH.).SiC] 


The polymerization may be represented as: 


Silica (as is well Known) has extremely high thermal 
resistance over a wide spectrum of temperatures. The 
existence of the Si—O backbone in the silicone polymer 
is the key to the thermal properties for which silicone 


polymers are noted 


Natural Polymers (Cellulosies, Rubber) 


Natural polymers pertinent to this discussion are the 
cellulosics and rubber. While only the latter has been 
synthesized in the laboratory, all have been subjected to 
extensive modification by reaction of the groups attached 
to the primary chain with active reagents. This technique 
resembles graft polymerization 

Cellulose is chemically one of the polysaccharides and is 
made up of beta-glucose anhydride units linked together 
by primary valences. The condensation reaction by which 


it is formed is of the head-to-tail iype 


Each unit consists of two glucose residues condensed to- 
gether. It contains a total of six hydroxyl groups (two 
primary alcohols and four secondary alcohols) available 
for reaction with acetic anhydride, ethyl chloride or sodium 
cyanide to yield cellulose acetate, ethyl cellulose or cyano- 
ethanolated cellulose. Cellulose nitrate is formed by the 
reaction of a mixture of nitric and sulfuric acids on cel- 
lulose 

In addition to being esterified, cellulose may be etheri- 
fied by the action of either ethyl sulfate or ethyl chloride 
on causticized cellulose. Ethyl celluloses with an ethoxy 
content of 47.5-50.0 per cent are used extensively because 
they have the greatest solubility in solvents and the widest 
compatibility with plasticizers, resins, waxes and varnish 
oils. An increase in the ethoxy content lowers the melting 
and softening temperatures appreciably; for example, 
ethyl cellulose with a 45-per cent ethoxy content melts at 
197 C; one with 50 per cent melts at 163 C 
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There are two kinds of natural rubber: (1) hevea, which 
yields a soft product with low heat build-up; and (2) 
gutta-percha, a hard, tough material. Hevea rubber is 
a cis-1,4-polyisoprene, which may be represented as: 


Gutta-percha is trans-1,4-polyisoprene, which may _ be 
represented as: 


If 1,4-isoprene is polymerized through conventional 
heat, pressure and oxygen techniques, the product is a 
copolymer of the cis- and trans-forms. It is atactic. By 
means of stereospecific catalysts, however, either the cis- 
or trans-form can be produced and true synthetic rubber 
Another synthetic rubber of recent 
origin is the cis-1,4-polybutadiene, which differs trom the 
GR-S and Buna rubbers in having low heat buildup dur 
ing flexing. Incidentally, GR-S rubber is a copolymer 


becomes a reality. 


of 1,4-butadiene and stvrene and its synthesis may be 


represented as: 


Inorganic Polymers 

It may be somewhat difficult to accept inorganic ma- 
terials as polymers. If we define polymers as any high- 
molecular-weight aggregate of atoms arranged in a repeti- 
tive order, then all inorganic crystals are polymers. If 
the definition is limited to include only those crystals that 
have links in two dimensions, then crystals such as mica 
are polymers. On the other hand, if the definition calls 
for materials that may be synthesized, plasticized and 
handled like organic polymers, then there are very few 
inorganic polymers. 

A potentially important inorganic polymer, polyphos- 
phonitritic chloride, is prepared by the action of phos- 
phorous pentachloride on ammonium chloride according 
to the representation: 

PC1, + NH,Cl— (PNCL), + 4HCI 
Depending on the conditions of temperature and solvent, 
a crystalline trimer, a crystalline tetramer, an oily pentamer 
and a white inorganic elastomer may be isolated. The 
elastomeric polymer, in particular, has triggered much 
research effort 

There are other materials that have been labeled inor- 
ganic resins but which will not be mentioned here; most 
of them simulate polymeric properties because they are 
colloidal dispersions of polyvalent metal oxides in polar 
liquids such as water, methyl alcohol, ethyl alcohol, glycol 
and glycerine. 

It should be noted that certain polymers such as the 
silicones (previously discussed) and boron-based polymers 
(still largely in developmental form) are frequently de- 
scribed as “organo-inorganic” polymers. This term reflects 
the presence of an inorganic group in the polymer chain, 
such as the Si—O backbone in the silicones 


Polymer Applications 


The area of end-product application of polymeric or 
plastics materials is not within the scope of this “basic 
science” review. The accompanying table, however, pro- 
vides a summary of the polymer formulation of selected 
materials, salient properties and principal uses of interest 


to equipment design engineers 


The Theoretical Basis for the Mechanical Properties of Polymers 


Three cohesive or associative forces are considered in 
deriving the theoretical strength of a plastics body com- 
prised of (figuratively) a myriad molecules. These forces 
are termed “associative” because they exist or are capable 
of existing between molecules. They are (1) van der 
Waals forces, (2) dipole interaction, and (3) hydrogen 
bonding. Valance forces also contribute to the strength of 
polymers. 


Van der Waals Forces 

The theoretical basis for the mechanical properties of 
polymeric materials rests on the following: “A molecule 
will exert an attractive force on an adjacent molecule and 
this results in the macroscopically observable mechanical 
properties of the material.” Such forces are called van 
der Waals forces. In the case of polymers, the principle 
envisions a number of sausage-like particles (molecules) 
cohering in the form of a bundle. The rigidity of the 
bundle depends on the friction between neighboring mole- 
cules and the degree of internal orderliness. For purposes 
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of calculation, the force per unit area of molecular sur- 
face is considered to be directly proportional to that which 
would be found in bulk phenomena. Since there are a 
number of attractive forces which molecules exert to 
ward each other, the theory suggests that the mechanical 
properties vary considerably, depending on the particular 
mechanism in effect between component molecules 

The simplest attraction between molecules is that which 
exists between molecules of 
permanent electric moments or complex geometric shapes 
Simple molecules like methane, carbon tetrachloride and 
benzene fulfill these requirements. The theory postulates 


such molecules as being attracted to each other by a force 


substances possessing no 


which is dependent directly on the product of their masses 
and inversely to the sixth power of the distance between 
them. In order to convert the force between any two 
molecules to the force necessary to rupture a rod of 1 sq 
In. cross section, it is only necessary to multiply the molec- 
ular value by the number of molecules packed in such 
an area. 





The polymers whose mechanical strength are based on 
such forces are polyethylene, polypropylene, polyisobu- 
tylene, natural rubber and TFE-fluorocarbon (Teflon) 
The polyethylene chains pack together like parallel rods of 
dumbbell-shaped cross-section. The chains are regular and 
are in fully extended zigzag configuration, at least over 
lengths sufficient to permit spontaneous formation of lo- 
cally ordered regions or crystallites. None of these poly- 
mers is known for its high mechanical strength; on the 
other hand, the observed values are many times lower 
than those predicted from van der Waals effects. It is 
thought that the low values arise because side chains in 
the molecules keep the molecules separated and that only 
a fraction of the neighboring molecules come close to 
each other. For example, in order to produce a strong 
polyethylene, the molecules should be in the form of long 
cylinders aligned in one direction. Some of the newer 
high-molecular-weight low-pressure polyethylenes partially 
fulfill these requirements. 


Dipole Interaction 


The next strongest force known to exist between mole- 
cules is called dipole interaction. It is present in liquids 
and solids where the molecules possess permanent elec- 


tric moments. Such moments are found in polyvinyl chlo- 
ride, halogen fluorocarbons (such as Kel-F), and alkyd 
resins. These resins are permanently polarized and as such 
attach themselves electrostatically to adjacent molecules, 
in the same manner as magnetic materials interact. This 
is the force which causes the liquid dielectrics penta- 
chlorodiphenyl and castor oil to exhibit such high boiling 
points although other molecules of the same molecular 
weight boil at much lower temperatures. 

The dipole interaction effect is two to three times as 
strong as the simple van der Waals attraction, but it is 
more sensitive to temperature, geometry and electron 
forces. The dipole force decreases as the reciprocal of 
the distance cubed rather than as the sixth power of the 
distance. 

To produce high-strength materials, we need more than 
the introduction of dipoles into a polymer. For example, 
if a polyester were prepared from an even-numbered 
chain-forming compound, the odd-numbered one yields 
the stronger, higher-melting polymer. This is because such 
a material is able to associate head-to-tail in a closer- 
packed structure than the other and, consequently, take 
greater advantage of the dipole interaction. This is one of 
the reasons a polyester like Mylar film is so strong. 


Table 1!—Polymerization Processes and End Properties of Selected Plastics Materials’ 


Starting Mechanism of 


End polymer 


Useful 


temperature Important 


monomer polymerization plastic General properties range applications 


Hexamethylene Condensation Nylon 66 


diamine and 


a Lipic acid 


150 C 


(max) 


Crystalline; 7,, ~ 225 C; high im- 
pact strength over wide range of 
temperatures; resistant to alkalis; 
attacked somewhat by mineral acids 


Molded objects 


Ethylene glycol Condensation 


and terephthalic 


ws: 


(max) 


Polyethylene Crystalline; T,, 265: C: 7, = 80 
terephthalate C; tough, strong; resistant to acids; 
id somewhat sensitive to alkalis 


Films; e.g., Mylar for 
electrical insulation 


Ethylene glycol Condensation Alkyd resin Highly crosslinked; T, ~175 to 
and malex 200 C; 


anhydride 


175C 


thermosetting; tough, ad max) 


Coatings, molding 
compounds 
hesive 


Diisocyanates Condensation 
and glycols 


often polymeri 


Polyurethane For R (CH:), and R (CH2)2, | 150 C for 
crystalline with T,, ~ 200 C; others | rigid poly- 
amorphous; high electric strength mers 


Various, depending on 
nature of R’: rubbers, 


foams, fibers 


Dimethyl] 
silanediol 


Polydimethyl- 
siloxane (a silicone 


Condensation Rubbery; 7, ~ —120 C;: Tn = 
70 C; high stability to heat, oxi- 
dation, weathering; water repellent; 


low dielectric loss up to X ~ 10 cm 


250 C Temperature-resist- 

(max) ant lubricants, tem- 
perature-resistant 
rubber, water-repel 
lent coatings, electri- 
cal insulation 


Phenol and 
formaldehyde 


Condensation Phenol-formalde- Highly crosslinked; hard, rigid; 
hyde resin T, ~ 150 to 170 C; thermosetting; 
high dimensional stability; low 


water absorption 


Reinforced molded 
parts, varnishes, 
lacquers, adhesives 


* Source: These data are condensed from tables included in Chapter 11, “Molecular Synthesis of Polymers,” W. H. Stockmayer, in Molecular Science and 
Molecular Engineering, Arthur R. von Hippel e/ al, Technology Press, MIT, and John Wiley & Sons. New York (1959 


T= melting point 


glass softening temperature 


" wave length 
8) 


Polyurethane properties depend on nature of R and RB’ in l ( 


uu 
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Hydrogen Bonding 


A third force, known as hydrogen bonding, plays a 
significant role in the strength of polymers. This is the 
force that holds water in the liquid state until it reaches 
100 C. Most molecules having a molecular weight of 18 
are gases at room temperature and pressure, but the water 
molecule is so closely bonded to its neighbors that it 
actually shares its constituent atoms with them. This force 
is one of the strongest available in polymer chemistry; it 
is the force, for example, that makes the polyamides like 
nylon so strong. 


*Counter-Associative” 

Since all the forces described so far are associative 
forces, it follows that any “counter-associative” force (one 
that tends to separate the molecules from each other) will 
reduce the theoretically obtainable mechanical properties. 
Such forces include (a) heat, (b) cavities or voids, and 
(c) plasticizers. 

Heat. The effect of heat on the mechanical properties 
of plastics is almost too well known to need mentioning: 
thermoplastics soften and melt; thermosetting plastics de- 
compose at elevated temperatures. Most high polymers 


Forces 


Table 1—(Continued) 


exist in three distinct states, depending on the temperature: 


1. In the cold or brittle state the material is distin- 
guished from its condition at room temperature by the fact 
that its tensile strength is higher, its elongation lower, 
it is more dense and less flexible. In addition, it is fre- 
quently more crystalline and its structure shows a high 
degree of order. This apparently occurs because the kinetic 
energy of its constituent elements is reduced and the 
molecular groups can settle down to more intimate ar- 
rangements. 


2. The second state is that of plastics as encountered 


in normal use; for example, molded parts at room tem- 
perature. 


3. The third state of high polymers is the fluid state, 
which is the one attained when a material normally flexible 
at room temperature is heated to, say, 150 C. This fluid 
state is characterized by the ease with which the polymer 
moves, the low tensile strength and the enormous non- 
recoverable elongation. Molecularly, it is the state of least 
cohesion between molecules and the one containing the 
greatest number of molecular voids or into 
which other molecules can move. 


vacancies 


Useful 


Starting 
monomer 


Urea and 
formaldehyde 


Epichlorohydrin 
and diphenylol- 
propane 


Ethylene 


Styrene 


Methy! meth- 


acrylate 


Viny] chloride 


Trifluorochloro- 
ethylene 


Tetrafluoro- 
ethylene 
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Mechanism of 


polymerization 


Condensation 


Condensation 


Addition: 

(a) high 
pressures 
(1000-2000 atm) 
(b) catalytic, 
organo-metallic; 
low pressures 


Addition 


Addition 


Addition 


Addition 


Addition 


End polymer 
(plastic) 


Urea-formalde- 
hyde resin 


Epoxy resin 


Polyethylene 
(standard) 


Polyethylene 
(linear) 


Polystyrene 


Polymethy] 
methacrylate 


Polyvinyl 
chloride 


Polytrifluoro- 
chloroethylene 


Polytetrafluoro- 
ethylene 


General properties’ 


Highly crosslinked; hard, rigid; 
T, ~130 C; thermosetting; high 
electric strength; high water absorp- 
tion 


Thermosetting with curing agents 
(e.g., amines) 


Crystalline; waxlike, strong; mole- 
cules somewhat branched; T1,, 
110 to 125 C; low dielectric loss 


Ts 135 to 140 C; molecules more 
linear; polymer stiffer, less perme- 
able 


Amorphous, glassy; 7, ~80 C; 
tough, strong; low dielectric loss at 
all frequencies and temperatures 


Amorphous: 7, ~ 90 C; high clar- 
ity; high electric strength; low 
water absorption 


Imperfectly crystalline; T, ~ 75 C; 


tough, resistant to abrasion 


Crystalline; T,, 
rigid; resistant to 
alkalis, oxidants 


eC; 
strong 


hard, 


acids, 


Highly crystalline; linear; T, 
237 C; resistant to nearly all chem- 
icals and solvents; high electric 
strength, low loss; little variation 
in mechanical properties over wide 
range of temperature 


temperature 


range 


75 C (max) 


80 C (max) 


95 C (max) 


max 


>100 C 


75 C (max) 


80 C (max) 


200 C 
(max) 


200 to 
+ 260 C 


Important 
applications 


Molded parts, 
adhesives 


Coatings, metal-bond- 
ing adhesives, embed- 
ment and encapsulat- 
ing compounds 


Films, molded objects, 
electrical insulation 


Films, tubing, molded 
objects, electrical in 
sulation 


Molded objects, elec 


trical insulation 


Transparent sheets, 
rods, tubing, plastics 
reinforced with glass 
fiber 


Insulation for electric 
wire and cables 


Chemically resistant 
films, molded objects, 
electrical insulation 


Chemically resistant 
films, molded objects, 
electrical insulation 





The fact that a polymer such as polyvinyl formal can 
pass from the brittle state through the plastic state to the 
fluid state within a temperature region of 100 C may not at 
first seem possible if the macroscopic properties arise 
from the cohesion of neighboring molecules. Certainly 
wnany fluids hardly change in viscosity over such a range 
and their properties are closely related to cohesive en- 
ergies. To explain this apparent discrepancy it has been 
suggested that the properties observed arise from the ac- 
tivity of a select few molecules and that when the tem- 
perature changes, these few are sufficiently excited or 
activated to cause the macroscopic changes observed. The 
number of such molecules, N, which at any time are 
activated is that part of the total number N, multiplied 
by the factor e%*’, where Q is the activation energy, 
T is the absolute temperature, and k is the Boltzmann con- 
stant. 

Cavities or Voids. The concept of cavities or voids in 
the context of molecular phenomena does not necessarily 
indicate defects such as air bubbles in plastics moldings. 
The voids are regions in the microscopic world where 
atoms could fit if the geometry of the chains permitted it. 
Polymers having such structures usually have low melting 
points (even when high in molecular weight) and usually 
are soft. The deliberate introduction of molecular cavities 
and voids into polymer aggregates is one of the tools 
available to polymer chemistry for making a horny plastic 
flexible without the use of a plasticizer. The introduction 
of side chains into the molecule will separate the main 
chains; the cohesive forces are minimized; the resuliing 
polymeric material is flexible and supple. Of course, these 
characteristics are gained at the expense of the mechanical 
properties, but it is presumed that the compromise is 
calculated. 


Plasticizers. When blended into polymeric materials, 
plasticizers effectively reduce the van der Waals cohesive 
forces and thereby allow the chain molecules to move inde- 
pendently when subjected to a distorting force. Common 
examples of highly plasticized polymer materials are the 
various plastics film materials, such as vinyl sheet. On 
the other hand, rigid or semi-rigid polyvinyl chloride 
moldings are made from compounds that incorporate a 
minimum of plasticizer. 


Valence Forces 

The valence forces, or the energies that exist between 
the atomic constituents, also contribute to the mechanical 
properties of plastics materials. They contribute to the ul- 
timate strength of a high polymeric material when the 
molecule itself is in tension and when the rupture of 
the material is not simply the failure of cohesive or as- 
sociative forces, but is a rupture of the main polymer 
chain. 


Research Future in Mechanical 
Properties 

The potential strengths of polymers are still far from 
the theoretical maximum values. Despite the vastly in- 
creased number of applications for plastics in structural 
and mechanical uses, theory suggests that present-day 
polymers are only one-hundreth as strong as they might 
be. Widespread and intensive research is moving toward 
this goal; even the half-way mark to the full theoretical 
values could be of enormous importance. [The theoretical 
base for polymers of potentially much higher mechanical 
strengths is summarized in the Appendix to this article.] 


The Electrical Properties of Polymers 


The electrical properties of polymers, including di- 
electric constant, power factor, dielectric loss factor and 
electric strength, are usually both frequency- and tem- 
perature-dependent. This indicates that these properties 
are associated with the molecules and not with the elec- 
trons alone. The variations of electrical properties with 
frequency arise from (a) the presence of impurities and 
voids, (b) permanent electric moments in the polymer 
chains and (c) plasticizers. At low frequencies, impurities 
cause higher dielectric constants and high dielectric losses: 
voids result in lower dielectric constants, but losses are 
also high. The presence of voids may lead to corona at 
electrical stresses as low as 90 per cent below breakdown 
values. The resulting erosion of the dielectric may ap- 
preciably shorten its life. 

The presence of a permanent electric moment in a 
polymer molecule leads to a material with a high di- 
electric constant at 60 cps and a lower one at, say, 1 mc. 
Polyvinyl chloride is such a material; its molecules there- 
fore have a higher overall concentration of electrons in 
one part of the molecule than in another. The dielectric 
constant of PVC is 6.5 to 12 at 60 cps and 4.2 at 1 me, 
while polystyrene (which does not possess permanent 
electric moments in its structure) has the same low di- 
electric constant (2.5) at 60 cps as at 1 me. 

As the polar polymer decreases in dielectric constant 
with rising frequency, the dielectric loss factor also passes 
through a maximum value. The frequency at which this 
change in direction occurs is at the half-way point to 
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which the dielectric constant has fallen from its low-fre- 
quency value to the value observed at, say, 100 mc. This 
frequency is of very fundamental value in relating the 
molecular properties of high polymers to the properties 
of molded plastics. It makes it possible to calculate the 
relaxation time of the molecule; that is, the time it takes 
the molecule to return from its polarized state to 1/e, or 
37 per cent of its original state of randomness. The relaxa- 
tion time would depend on the molecule size and the vis- 
cosity. Large molecules which adhere very tightly to their 
adjacent groups have very long relaxation times; conse- 
quently, they pass through the dielectric loss maxima at 
low frequencies. Small molecules and those of a low de- 
gree of polymerization have short relaxation times; con- 
sequently, they pass through their dielectric loss maxima 
at higher frequencies. 

A succinct statement of the interrelationship of the 
mechanical and electrical properties of polymers through 
their molecular properties may be given as follows: 


» 
imax o™) max 


kna 


In this equation ; is the time in seconds which it takes 
a molecule to return to 1/e of its polarized state; w is the 
angular frequency expressed in radians per second and, 
therefore, equal to the product of 27 and the frequency, 
f, in cycles per second; » is the coefficient of viscosity ex- 
pressed in poises; a is the radius of the molecule; and k 
is the proportionality constant for the function. 
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Effect of Plasticizers 

Plasticizers appreciably affect both the dielectric constant 
and dielectric loss factor of polymers. There are a number 
of possible combinations based on the polarities of the in- 
gredients. Nonpolar polymers like polystyrene and non- 
polar plasticizers like diphenyl obey the Maxwell Law of 
Mixtures. Thus, if the dielectric constant or dielectric loss 
factor of the plasticizer are higher than that of the nonpolar 
polymer, the composite will have a higher dielectric con- 
stant or dielectric loss factor. The value of the mixture 
may be calculated from the expression: 


log e’ = M, log €'; T Vo e's 


where «’ may be at one time either the dielectric constant 
or the dielectric loss factor, and M, and M, the volume 
fraction of the polymer and plasticizer present. If the 
plasticizer happens to have a lower dielectric constant or 
lower dielectric loss factor than those of the nonpolar 
polymer, the value of the mixture will be less. 

A mixture of polar polymer with a nonpolar plasticizer 
usually results in a drop in dielectric constant at low and 
at very high frequencies, due simply to dilution, as shown 
in Fig. 1. 

Mixtures of polar polymers and polar plasticizers are 
usually so complex that they seem to have proprietary 
properties. The reason for this is that the discrete drop in 
dielectric constant is replaced by a gradual fall extending 
over 10 decades of frequency. Again, while there are fre- 
quently one an even two maximum points in the dielec- 
tric loss factor curve, it is not usually possible to determine 
precisely from the available dielectric data whether the 
response comes from the “pure” plasticizer or “pure” 
polymer or some “associated” molecule. 

Here the use of Maxwell’s Law of Mixtures formula is 
seldom successful. The ability of the polar molecule to 
rotate in the polarizing field is dependent or the cohesion 
of the polymer molecule with its neighbors; the plasticizer 
reduces this attractive force by placing itself between two 
discrete molecules. Such an action permits the molecule 
to relax faster. This is tantamount to possession of a 
shorter relaxation time and, therefore, an ability on the 
part of the molecule to pass through its maximum dielec- 
tric loss factor at a higher frequency. Depending on 
whether the dielectric loss factor of the mixture were being 
studied in the region of the unplasticized samples maxima, 
the composite value could be higher or lower than that 
calculated from the previous expression. 

From the theory of polar molecules the dielectric loss 
factor should pass through its maximum as the frequency 
is raised through two decades. Similarly, the dielectric 
constant should fall rapidly within the same two decades. 
Such an effect is seldom, if ever, seen in the dispersion 
curves; it is usual to find the change taking effect over as 
many as five decades of frequency. The explanation for 
this is that, while each individual molecule obeys the classic 
“two-decade law,” there are always present in high poly- 
mers a plethora of molecules of different molecular weights, 
sizes and relaxation times. The five-decade spread is, there- 
fore, the average of the responses of all of these at their 
different but characteristic times. This explanation will 
also account for the relatively slow decline in the dielec- 
tric constant with frequency over five decades instead of 
the sharp two-decade drop predicted by theory. 


Effect of Temperature 
Temperature affects the dielectric constant of a non- 
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Fig. 1. Effect of dilution (plasticizer content) on dielectric 
constant and dielectric loss factor in mixtures of a polar polymer 
and nonpolar plasticizer. 


polar polymer in two distinctly opposite ways: 
1. When the temperature is raised 

a. density of polymer is lowered 

b. number of molecules per unit volume is de- 
creased 

>. number of polarizable units able to store elec- 
trical energy is also decreased 

d. the dielectric constant falls. 


. When a polymer contains impurities 
a. the mobility of the impurities increases con- 
siderably at elevated temperatures 
b. especially at low frequencies, the impurities act 
as polarizable centers 
c. the apparent dielectric constant tends to rise 
d. the dielectric losses increase. 

Even though theory would not suggest such behavior, 
many, if not most, of the nonpolar polymers have lower 
dielectric constants at very low temperatures (say —60 C) 
than they have at room temperature. This is the explana- 
tion: very few polymers are free from polar impurities 
that in effect are “frozen” as energy storers; the drop in 
dielectric constant is attributed to this condition. The 
change in dielectric constant with temperature at different 
frequencies, as shown for polyvinyl formal (see Fig. 2), 
may be used as an illustration. At low temperatures, the 
dielectric constant is low —3.3 to 3.6. As the temperature 
rises, the dielectric constant increases slowly to a maximum 
value of 3.73 at 105 C at 60 cps. The dielectric constant 
then begins to fall inversely with rising temperature. 

The existence of a maximum value for the dielectric 
constant suggests the presence of a molecule with a per- 
manent electric moment that contributes increasingly to 
the dielectric constant of the polymer as the temperature 
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Fig. 2. Change in dielectric constant and dielectric loss factor of 
polyvinyl formal with temperature and frequency. 


rises. As a certain temperature is reached, however, the 
thermal energy of the system tends to impede and inhibit 
the original effect of the electric moment. 


Changes in Dielectric Loss 


Changes in the dielectric loss factor occur at the same 
time. There are two maxima instead of one, as with the 
dielectric constant. The larger dielectric loss maximum 
(the primary or Debye) is associated with the relaxation 
time of the molecule. It begins to rise at the temperature 
of the brittle point of the polymer. A maximum is reached 
15 C higher and then the loss begins to decrease. During 
the temperature rise, the molecule generally finds itself 
able to follow the changes in the electric field, although 
it increasingly lags behind the changes. In dielectrical 
terms, the phase angle keeps on increasing and passes 
through a maximum. 

A secondary loss factor maximum (it can be seen in 
the polyvinyl formal plot, Fig. 2) is related directly to 
the ability of high-molecular segments (as distinguished 
from polar groups) to follow the field. This electrical char- 
acteristic has been studied for many years. The studies 
have led to the suggestion that a mechanical counterpart 
could be developed since the effect has been observed in 
a polar polymer at a temperature below that of the brittle 
point. The polymer, if vibrated mechanically at some low 
frequency, would be expected to show a mechanical loss 
factor maximum at the same temperature at which an 
electrical loss factor maximum has been observed. 

This relationship has been confirmed and has been used 
to explain the dynamic mechanical properties of plastics 
materials in terms of their molecular structures. The re- 
sults of this work are summarized in the Appendix. 
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Second-Order Transition 


The presence of the maximum loss factor in the low- 
frequency spectrum of a polymer such as polyvinyl chlor- 
ide can be attributed to a change in phase which the poly- 
mer undergoes on being heated. Existing theory considers 
the polymer to be “frozen” in such a way that only the 
electrons and atoms can respond to the polarizing elec- 
trical field, but neither the molecular groups nor the seg- 
ments of the polymer chain can respond. As the polymer 
is heated, however, the relatively heavy, moving segments 
drift slightly from their frozen positions. Changes in den- 
sity, specific heat, or X-ray pattern might appear. Such 
changes in the properties of a material (which otherwise 
remains in the state of solidification) are referred to as 
a second-order transition as distinguished from a _first- 
order transition which occurs when a solid melts. The 
correctness of this interpretation has been supported by 
measurements of changes in both dielectric constant and 
dynamic modulus of elasticity. Changes in density and 
specific heat have been too small to measure. 


Dielectric Heating of Polymers 


It has been shown that electrical losses develop owing 
to the rotation of molecules induced by an electric field. 
These losses depend on the relaxation time of the polymer 
and, therefore, on its dielectric constant, the frequency of 
the applied alternating field, the intrinsic viscosity of the 
material, the molecular size and the temperature. The 
losses, although frequently expressed in terms of the frac- 
tion of electric power dissipated, are equally well defined 
in terms of the heat generated in the dielectric. Because 
the loss mechanism is temperature sensitive, it is difficult 
to establish a constant value by the temperature rise meth- 
od since the heat generated shifts the loss ratio. A second 
reason for difficulty is that many polymers are changed 
chemically by the action of heat; consequently the material 
introduced into the field initially is frequently not the 
same chemically at the end of the test. 

This chemical transformation of polymers is the basis 
for the process known as “dielectric heating.” Because 
the rotation of a dipole is field dependent and is inde- 
pendent of its position in respect to the electrodes, the 
generation of heat in a lossy dielectric will be uniform 
even if the specimen is quite thick. The heat generated in 
the polymer is a function of the dielectric loss factor of 
the material, the frequency and magnitude of the electric 
field, according to the expression 


W! = we’ E? 


The instability of the dielectric loss factor and its fre- 
quency dependence, however, leads to great difficulties in 
exploiting this system commercially in curing plastics mate- 
rials. Consider, for example, a plastics material which has 
a dielectric loss factor of 1 at 25 C and 1 mc. As it begins 
to cure, its molecular weight increases and the maximum 
dielectric loss factor gradually shifts to lower frequencies. 
Similarly, the temperature of the polymer rises; this tends 
to change the maximum or optimum curing frequency. 
Considerable quantities of empirical data are needed be- 
fore this method can be successfully developed. 


Electric Strength ef Polymers 


The electric strength of polymers is frequency-dependent 
to such an extent that at high frequencies the electric 
strength of gases is often greater than that of amorphous 
solids. The reason for the rapid diminution in the electric 
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strengths of polymers with increasing frequency is not 
clearly known. Some believe that at radio frequencies the 
field causes so much heat to be dissipated that a thermal 
eruption occurs and the polymer is destroyed, This occurs, 
for example, with phenol-formaldehyde resin. On the 
other hand, a polymer like polystyrene will also fail at a 
low field strength at high frequencies without a notable 
rise in temperature. Some investigators have appropriated 
the mechanisms of d-c breakdown and suggest that elec- 
trons obtained from the cathode or those found free in 
the polymer are accelerated by the field and cause ioniza- 
tion. The ions and avalanche electrons proceed to trans- 
form or destroy the polymer molecules in their path with 
the result that breakdown occurs. 

The preceding explanation is derived directly from the 
phenomenon of electric breakdown in gases. However, 
there are enough differences in the response of plastics to 
radio frequencies to suggest that a different mechanism is 
at work here. A linear relationship between the dielectric 
constant and the electric strength of polymers from 60 
cps up to 10 mc is indicated. As the dielectric constant 
falls with rising frequency, the electric strength also de- 
creases. This behavior suggests that the orientation and 
polarization of the polymer molecules play a significant 
role in the breakdown process. It appears that the less 
the molecule is oriented in the presence of the applied field, 
the less resistant it is to electric failure. Apparently the 
higher the ordered state of the polymer, the higher also 
is the electric strength. 

The electric strength of polymers is usually listed among 
the defining attributes of the plastics. Low values are taken 
to indicate a poor quality and a large number of imper- 
fections; conversely, high values indicate a better process 
control. 


The D-C Conductivity of Polymers 


Electrical conductivity of polymers is both temperature- 
and frequency-dependent. The d-c conductivity increases 
logarithmically with increasing temperature; it is usually 
thought to arise from the increased mobility of impurities 
at the higher temperatures. This distinguishes the poly- 
mers from metals, the conductivities of which decrease 
with increasing temperature, and from semiconductors, 
which show appreciable changes in the slope of the re- 
sistance vs temperature plot at different temperatures. 

The conductivity of polymers is frequently increased 
considerably by the addition of a plasticizer. This agent 
not only reduces the cohesive force between adjacent mole- 
cules of a polymer, but also between ionic impurities. The 
impurities are usually the cause of lower resistivity. 


The Are Resistance of Polymers 


The arc resistance of polymers is not a simple academic 
or fundamental property of material. It depends very much 
on the conditions of test. For most purposes the standard 
ASTM test (D495-58T) is employed; it consists of draw- 
ing an arc between two points and allowing this arc to 
run through the air across the top of a plastics specimen 
until a crevice is eroded. A few general rules may have 
value for the design engineer: 


e Inorganic polymers have greater arc resistance than 
organic polymers. 

e Aliphatic polymers have greater arc resistance than 
aromatic polymers. 


e Nitrogen-bearing compounds have greater arc re- 
sistance than halogen-bearing compounds. 


The Chemical Properties of Polymers 


chain groups where a group is substituted for R in the 
polymer 


Polymers are affected in three ways by the ambient 
atmospheres in which they are used. They may dissolve, 
oxidize, or decompose by reacting with moisture. 


Effect of Solvents 


The solubility of a polymer in a liquid depends on (1) 
its molecular weight, (2) its spatial configuration, and 
(3) its atomic constitution. The greater the molecular 
weight of a polymer, the less soluble it is. This principle 
may be used to fractionate a mixture of Jow-molecular- 
weight polymers from higher ones. Two polymers of the 
same molecular weight may have widely different solubili- 
ties if one is cross-linked and the other is not. The former 
may swell somewhat but will not dissolve. Finally, the 
groups which comprise the polymer will appreciably affect 
its solubility. Cellulose will not dissolve in acetone but 
cellulose acetate will dissolve readily. Polyvinyl alcohol 
will dissolve in water, but polyvinyl formal will dissolve 
readily only in such solvents as phenol or dioxane. 

The “wetting” properties of a polymer will affect its 
solubility in a solvent. Polyethylene and TFE-fluorocarbon, 
for example, are very difficult to wet. 


Effect of Oxygen 

Oxygen reacts with polymers in two ways: (1) it trans- 
forms the side chains of molecules into oxidized groups, 
thus leaving the main chain unaffected or (2) it causes 
fission of the main chain. The action of oxygen on side- 
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occurs with an increasing order of difficulty according to 
the following scheme: 
methyl < phenyl < hydroxyl < carboxyl 


amine < amide < chloride < fluoride 


hydrogen < 


< ester < 


Thus, polyethylene is far more easily oxidized than poly- 
vinyl chloride, while polyvinylacetate (ester) possesses 
moderate stability. 

The fracture of a main chain most frequently occurs 
as a secondary effect; for example, the polymer molecule 
decomposes after a side chain has been attacked or trans- 
formed. On the other hand, direct attacks by oxygen occur 
where there are unsaturated groups or olefins in the chain. 
The relative order of these oxidative effects in the case of 
carbon-carbon bonds is as follows: 


acetylene > olefin > aliphatic > phenylmethylene > diphenyl 
while in the case of carbon-oxygen chains it is: 
ether > ester > diphenyl ether 


Finally, the oxidative resistance of linkages other than car- 
bon are: 


aliphatic < aromatic < methylsilicone < siloxane 





Effect of Moisture 

Water can affect polymers only when it can wet them. 
Thus, in the case of such nonpolar polymers as TFE- 
fluorocarbon and polyethylene, no particular chemical re- 
action occurs. On the other hand, polar polymers, such as 
the polyesters, are wetted by water and the conditions 
are present for decomposition and alteration. The order 
of such attack is 


acetals > esters > chlorides > amides 


The actual chemical reactivity of polymers with water 
should be distinguished from their susceptibility to the 
transmission of moisture. Materials that do not react with 
water (for example, polyethylene) are nevertheless not 
impervious to moisture penetration. As a rule, the more 
crystalline the polymer, the more impervious it is to the 
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Appendix—tThe Theoretical Approach to High-Strength Plastics 


POLYMERS FREQUENTLY ACT as if they were 
liquids; under other conditions they act like 
perfectly elastic bodies. Whether a polymer 
acts mechanically like a liquid or a solid 
depends very much on the duration of the 
applied force. Materials whose properties are 
time-dependent are said to exhibit visco- 
elastic effects. The new analytical technique 
known as mechanical spectroscopy relates 
the complex modulus of elasticity to the 
molecular properties of a polymer. This new 
technique has special value to basic polymer 
studies; for this reason its principles will be 
developed here 

The classical constants used to specify the 
mechanical properties of matter assume the 
existence of materials with characteristics 
that are independent of time. Thus, an elas- 
tic body is defined as one which changes its 
size or shape upon the application of a dis- 
torting force, but which returns to its origi- 
nal size or shape upon the removal of that 
force. However, the time it takes for the 
body to return to its original size is not 
mentioned. 

Again, when a body is subjected to a 
force (not necessarily very great) which 
results in a permanent distortion of the 
body, the elastic limit is said to have been 
exceeded. Here too, time (duration of force) 
is not specified. As a further example, the 
definition for the breaking strength of a 
body (the force that distorts a body so 
much that it ruptures) also fails to include 
time as a variable. 

The constants of polymeric materials 
employed in the literature are usually the 
Static constants; that is, the values obtained 
by the application of forces for a relatively 
long time—Young’s modulus (related to 
changes in length), the sheer modulus (re- 


lated to shape), and the elastic modulus of 
volume (related to compressibility). All 
three, of course, are elementary in engi 
neering studies. 

These classical constants have been ap 
plied to describe the mechanical properties 
of metals, and simple fluids like oil and 
water, because the characteristics of these 
materials do not change appreciably with 
time or temperature. But in polymers the 
conditions are not the same. (4) Impact 
hardness, fatigue and the various moduli are 
time- and temperature-dependent. For in- 
stance, the dynamic modulus of elasticity can 
differ from the static modulus by a factor 
of 1000. In addition, the dissipation of heat 
caused by dynamic loss (a factor associated 
with the dynamic modulus of elasticity) 
affects the mechanical properties of a poly- 
mer. 

Classical deformation theory treats this 
problem in terms of the behavior of two 
idealized bodies: the perfectly elastic body 
and the perfectly viscous body. By judici- 
ously coupling these two bodies, the response 
of real polymers may be duplicated in the 
same way as the response of real dielectrics 
in electric fields can be duplicated by cou- 
pling air capacitors and resistors. A dashpot 
assembly serves as a mechanical analog of 
the observed properties of amorphous poly- 
mers: 


——“ 
—A/\ 


Such an assembly has a time constant asso- 
ciated with it dependent on the viscosity 
coefficient, », and the rigidity, G; these are 
associated with the relaxation time 

+ /G 


Since polymers have high viscosities, they 
possess long relaxation times and conse- 
quently the changes that are observed in G 
occur at relatively low frequencies (less than 
5 kc). Simultaneously with the change in G, 
heat is generated. The mechanism is as- 
sumed to be as follows: one part of the ma- 
terial is in phase with the applied force and 
the other lags by 90 deg. This out-of-phase 
molecular component passes through a maxi- 
mum at the frequency at which rigidity 
of the polymer is halfway between its maxi- 
mum and minimum values. The phenomenon 
obviously resembles the response of perma- 
nent dipoles to an alternating electric field. 
(The molecular interpretation of the effect 
is the mechanical analog of Debye’s dipole 
theory.) In terms of the molecular com- 
ponents, the response of a linear polymer 
to mechanical loading arises from four 
separate phenomena: 

1. An elastic response related to the de- 
formation of the primary bonds. 

2. A retarded elastic effect arising from 
cohesive effects. 

3. A retarded elastic effect arising from 
mechanical entanglement. 

4. A viscous response arising from slip- 
page. 

The viscous characteristics are found in 
amorphous polymers and not in crystalline. 
It is for this reason that the dynamic modu- 
lus of a crystalline polymer is practically 
independent of frequency; that of an amor- 
phous body increases rapidly with frequency. 

The potential for commercial polymers of 
much higher physical strength than are 
available at present rests largely on current 
and future research work that stems from 
the theoretical considerations discussed here. 
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THE SHOCK SPECTRUM has seen some use lately in en- 
vironmental specifications as a means of stating shock 
requirements, in contrast to the more usual approach 
of stating the shape of a pulse of acceleration. As an 
example of the statement of shock requirements in terms 
of shock spectra, a shock test required in many recent 
environmental specifications for missile equipment reads 
approximately: “‘a shock whose shock spectrum in both 
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Fig. 1—A shock-spectrum requirement. 


plus and minus directions is at least 100 g from 100 cps 
to 700 cps.” This is shown in Fig. 1. We will not discuss 
here the matter of what this is intended to simulate and 
how well it does it. However, when equipment engineers 
read this for the first time, more fundamental questions 
are frequently asked, such as, “What is a shock spec- 
trum?” or, “Why not just specify a pulse?” or, “How 
do we measure this so as to know whether we are com- 
plying with the requirement?” It is appropriate to dis- 
cuss these questions and provide some partial answers. 
It will be found, incidentally, that the shock requirement 
quoted above is less severe than it appears on first 
reading. 


Reasons for Using the Shock Spectrum 


The shock spectrum is not a new idea in connection 
with the reduction of data on mechanical shocks. Many 
papers have been written about it, and it has often been 
discussed at shock and vibration symposia. Equipment 
design and test engineers have paid little attention to it, 
pri rarily because it has been used in such a way as to 
affect them only within the past three years or so. 
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Reeds modified for measurement of shock spectra. 


\ shock spectrum is preferable to a pulse shape in 
stating a shock requirement in part because the numbers 
given correlate better with damage and malfunction in 
the specimen tested, and in part because it provides a 
simple way of avoiding the practically impossible prob- 
lem of placing tolerances on a pulse shape. 

The pulse applied by any practical shock test machine 
differs somewhat from the ideal pulse shape described in 
a specification. The effects of the discrepancies may be 
quite important and yet quite subtle. It is not practical 
to devise direct tolerances except in very simple cases. 
It often happens that the same piece of missile equipment 
undergoes shock testing at two locations, with test ma- 
chines and fixtures not necessarily of identical design 
or performance. The importance of having assurance that 
two tests will have similar effects is obvious. 

The acceleration that damages parts within a piece of 
electronic equipment, for example, is the acceleration 
within it, rather than the acceleration at the mounting 
points where the shock is applied. Although the interior 
acceleration varies, of course, from point to point, the 
shock spectrum does provide some insight into it. 

The Shock Spectrum. Any item of equipment, no 
matter how rigid, is capable of vibrations in the form 
of motions of one part with respect to another, and in- 
volving resonances at a number of frequencies. The 
method of mounting the equipment influences the reso- 
nances somewhat. In comparing the severities of shocks 
imparted by different shock test machines, it will be as- 
sumed that these resonances are identical regardless of 
the machine on which the equipment is mounted; i.e., 
the mounting platforms are all rigid and massive. If they 
are not rigid, the shocks imparted by the different ma- 
chines clearly have not been standardized. The primary 
effect of a shock is to excite the equipment so that it shakes 
briefly at these resonances. The shaking dies away in 
accordance with the available damping. In the meantime, 
damage or malfunction may take place. The peak accel- 
erations and peak relative displacements of the parts are 
particularly important. 

Let us consider the shock spectrum in simple terms. 
Suppose that the item to be tested is a rigid box contain- 
ing a capacitor mounted by its lead wires to a pair of 
terminals that are slightly flexible, as shown in Fig. 2a. 
The box may not yet even be designed and the resonance 
of the capacitor (we shall consider the capacitor and its 
mounting to represent a simple resonant system) may 
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not yet be known. On the other hand, we may have some 
idea of the acceleration of the capacitor that can take 
place without damage to the leads. The force on the leads 
is the mass of the capacitor times its acceleration. Some 
particular shock pulse will be applied to the equipment 
by the shock test machine. We ask whether this simple 
item of equipment will survive. 

If we have not constructed the item, we can not test 
it directly, and we may not want to destroy it in any 
event. However, if the motions of the mounting platform 
of the shock test machine are not sensitive to mechanical 
loading, we can substitute a reed tuned to the mechan- 
ical resonance frequency of the capacitor, as in Fig. 2b. 
The acceleration of the mass of the reed will be identical 
to the acceleration of the capacitor; the relative displace- 
ments will likewise be identical. The peak acceleration in 
the reed is thus indicative of the force on the capacitor 
leads. 

A number of reeds tuned to different frequencies can 
be used, and the peak accelerations plotted against fre- 
quency of resonance. This, in simple terms, is a shock 
spectrum. lf the frequency of resonance of the capacitor 
is not known, the peak acceleration can be picked off 
the plot when this frequency has been determined or 
decided. Alternatively, examination of the plot might 
show which choice of frequency would be most likely 
to minimize damage from the particular shock. If peak 
relative displacements are of interest they may be ob- 
tained by dividing by 4°f*, where f is frequency of 
resonance in cps, or by adding contours of equal dis- 

3. In other 


placement to the graph paper, as in Fig. 3. 
[cn 1» | a (f) 4or*f? (1) 


i 


we yrds, 


where xo is the displacement of the mounting point and 


a,(f) is the shock spectrum value. 


In relation to shock testing, the most important conse- 
quence of the mental experiment above is the suggestion 
that the shock spectrum can be used as a means of 
comparing severities of shocks imparted by different 
shock test machines. A shock with a shock spectrum value 
of 200 g at the resonance frequency of the capacitor 
would be more likely to damage it than a shock having 
a shock spectrum value of 100 g. 

The shock spectrum does not describe a shock com- 
pletely, but emphasizes some of the more important 
aspects so that they are readily discernible. The above 
discussion of the shock spectrum is, however, somewhat 
simplified. For example, some parts are sensitive to ten- 
sion but not compression. If we define the direction of 
the peak acceleration of the shock pulse to be the positive 
direction, and its opposite the negative direction, there is 
virtue in making separate plots for the peak responses 
in the two directions; hence the reference to “both plus 
and minus directions” in the specification quoted earlier. 

Furthermore, the response of the reed during a test 
shock pulse usually has sufficiently different character 
from that of the reed after the pulse, especially in its 
implications about the responses of more complex mech- 
anical systems, to warrant plotting spectra for both in- 
tervals; i.e., plotting the peak acceleration in each inter- 
val vs frequency of responses. (Sometimes it may be 
worthwhile to break a pulse up into more intervals. ) 
These have been referred to as the “during spectrum” 
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Fig. 5--Loading of platform by a resonant test specimen. 
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Fig. 6—Response to a rectangular pulse. 


which is rather 
clumsy terminology. They have also been called the 
“primary” and “residual” spectra. This is better, but 
carries an implication that what happens during the pulse 
is more important than what happens afterward, which 
is not necessarily 


and “after spectrum,” respectively, 


true. The writer currently prefers 
initial spectrum and residual spectrum. 

It is thus desirable to plot at least four curves to de- 
scribe each shock pulse. Sometimes it is even illuminating 
to plot the peak of the difference between the initial re- 
sponse and the acceleration of the pulse itself. This might 
be called the transient spectrum or, possibly, initial 
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Shock spectra for a rectangular pulse of acceleration A 
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Fig. 8—Typical response to a terminal-peak sawtooth of ac- 
celeration. 
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Fig. 9—Shock spectra for a terminal-peak sawtooth of peak 
acceleration A and duration ta. 
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Fig. 10—Initial shock spectra for a half-sine wave of peak 
acceleration A and duration ta. 


transient spectrum. Negligible damping in the reeds is 
usually assumed. For some special applications, curves 
for several particular values of damping are useful. 


Measurement of Shock Spectra 


Regardless of whether one wishes to plot a single curve 
of the absolute value of the peak acceleration, say, or 
several curves to provide more detail, the procedures for 
measuring shock spectra are quite similar. The use of 
a collection of reeds (often called a reed gage), as dis- 
in defining the shock spectrum, is 
clumsy if many points are to be obtained or if the space 


cussed previously 


for instrumentation is limited. But it has been done, 
and it is the easiest to understand. For the lower fre- 
quencies, where the displacements can be quite large, 
the tips of the reeds can be made to mark on a sheet of 
paper so as to reveal the peak displacements and, hence, 
indirectly the peak accelerations. This permits plotting 
positive and negative spectra but does not permit dis- 
tinguishing between initial and residual unless the paper 
is in motion. Alternatively, a strain gage can be mounted 
on each reed near its base, or a small accelerometer can 
be fastened at the point of effective concentration of 
mass in each reed as in Fig. 4.* These modifications 
result in an electrical signal whose properties can be 
observed on an oscilloscope screen or an oscillograph 
recording. 

© These approaches require some care. If the reed has a uniform cross section 
with little end loading, the strain gage may be excessively sensitive to higher 


modes of the reed. This difficulty may be less evident with the accelerometer 
approach 
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It is more convenient to record the output signal of a 
rigidly mounted accelerometer and use a computer to 
simulate the reeds or compute their effect. If the shock 
spectrum is to be used as a basis for comparison of 
severity of shock applied to an equipment, the accelero- 
meter should be mounted as close to the mounting points 
of the equipment as possible; i.e., on the fixture that 
attaches the equipment to the shock test machine. The 
signal from the accelerometer can be digitalized and 
fed to a digital computer which computes the response 
for each resonance frequency and records peak values. 
Alternatively, an analog computer can be used which 
feeds its output signal to an oscilloscope, oscillograph, 
or device for recording peak values. If a conventional 
commercial analog computer is to be used, the play- 
back often must be slowed down to bring the signal 
into a more favorable frequency range for the computer. 
If the accelerometer is recorded by an optical method 
it may be possible to slow down the playback speed 
enough to permit a lightly damped galvanometer to 
perform as a computer. Varying the playback speed 
varies the effective resonance frequency referred to real 
time. 

The hard-mounted accelerometer is preferably a wide 
frequency range accelerometer, and no filtering of its 
signal is permissible that would significantly affect the 
shock spectrum in the frequency range of interest. If 
a low-pass filter is used, it should be as close to the 
accelerometer as possible in the circuit so as to ensure 
that any overload that might take place in later stages 
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of amplification will not be obscured. The low-frequency 
response of the recorder and reproducer must be good 
enough to avoid distorting the pulse and affecting the 
shock spectrum, or else a correction must be applied. 

It thus appears that when a shock test is specified in 
terms of a shock spectrum, rather than a pulse shape, 
the measurements necessary to verify compliance in- 
volve some extra steps.+ On the other hand, several types 
of instrumentation can be used in carrying them out, 
and some are readily available to the majority of con- 
tractors in military programs. Furthermore, when this 
is done, comparison of the shock with the specification 
can be accomplished easily and with more confidence. 
In the shock requirement quoted earlier, the problem 
of tolerances was handled easily by stating a minimum 
shock spectrum. It is expected that the contractor or 
vendor who must comply with this specification will 
try to keep his test as close to the minimum as he can, 
for his own comfort. 

A question of policy sometimes arises when an un- 
avoidable loading of the platform by the test item 
produces a narrow valley in the shock spectrum, as in 
Fig. 5. Should the overall level of the spectrum be raised, 
or should the requirement be relaxed in a narrow band 
of frequencies on the ground that there would be a 
similar loading of the airframe or other vehicle in which 
the equipment will be installed? This has to be nego- 
tiated and decided according to the particular circum- 
stances. 


Shock Spectra for Particular Pulse Shapes 


Further insight into the significance of the shock spec- 
trum, and into the advantages of an asymmetrical pulse 
shape in shock testing, can be obtained by studying the 
spectra corresponding to a number of simple shapes 
such as the rectangle and the terminal-peak sawtooth. 

A symmetrical pulse such as one having a rectangular 
shape is not desirable. Imagine again the box with the 
capacitor mounted inside it. Consider the effect of a 
rectangular pulse of peak acceleration A as shown in 
Fig. 6. The first discontinuity of acceleration excites the 
capacitor to oscillation. If there is sufficient time before 
the second discontinuity, the peak acceleration attained 
by this oscillation is equal to that applied. The total 
peak response in the positive direction is then twice the 
acceleration applied; there is no negative response dur- 
ing the pulse. Thus, the positive initial spectrum for 
sufficiently high frequencies, as shown in Fig. 7. 
proximately a straight line at twice the applied accelera- 
tion. The negative initial spectrum is zero. 


is ap- 


The second discontinuity may add more energy to the 
oscillation or take some away, according to the pulse 
duration and the frequency under consideration. At one 
extreme, the acceleration associated with the oscillation 
may be doubled. At the other extreme it may be can- 
celled to a null. The positive and negative residual 
spectra are mirror images. At some frequencies there 
are nulls, and at others the spectrum reaches twice the 
acceleration applied. 

The nulls indicate that for some frequencies the rec- 
t Once a manufacturer has determined by shock spectrum measurements the 
proper adjustments of his shock test machine for a particular item of equip 
ment he makes, he may, for his internal purposes, use these adjustments as 
his specification. He should, however, require occasional shock-spectrum meas 


urements, perhaps under some standard condition, to ensure that the severity 
of his test does not change 
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tangular acceleration pulse does not provide an effective 
test. They are often obscured by resonances in the plat- 
form and fixture, but this does not result in a smooth, 
controlled shock spectrum. The nulls result from the 
symmetry of the pulse shape. Asymmetry tends to smooth 
the spectrum. 

Consider, in contrast, a terminal-peak sawtooth of 
peak acceleration A as in Fig. 8. The initial discontinuity 
in slope induces little oscillation in the capacitor. The 
positive initial spectrum as shown in Fig. 9, for suffi- 
ciently high frequencies, is approximately equal to the 
peak acceleration applied, or half that attained for the 
ideal rectangular pulse (see Fig. 7). The negative spec- 
trum is zero as before. The terminal discontinuity in- 
duces an oscillation of peak acceleration approximately 
equal to the peak of the sawtooth, except at the lowest 
frequencies, where the initial and terminal effects tend 
to cancel. The residual spectra (which are mirror images) 
are, for sufficiently high frequencies, approximately con- 
stant at this level. This is roughly half the severity at- 
tained for the rectangular pulse at some frequencies. 

Ordinarily, a simple pulse of asymmetrical shape will 
tend to have smoother shock spectra than a simple pulse 
of symmetrical shape. The level of the spectra will 
ordinarily be less than the maxima for a symmetrical 
pulse of the same peak acceleration. 

Shock spectra for the half-sine wave and for an ex- 
ponentially decaying transient are shown in Figs. 10, 
11 and 12. The shock spectra for the half-size wave are 
similar to those for the rectangular wave and not par- 
ticularly desirable for use in testing. The transient is 
a typical constituent of shocks experienced by equip- 
ment in use or in a shock machine whose mounting 
platform is not rigid. The spectra for such shocks may 
be approximated by superposing a number of peaks de- 
rived from Fig. 12 for various frequencies and decay 
times. The shock spectra can be quite jagged, especially 
if several lightly damped resonances are involved. 


Application to Isolation Mounts 


Although the emphasis here is on the use of the shock 
spectrum in comparing shock severities and in speci- 
fying shocks, the vibration isolator presents a clear-cut 
case in which the shock spectrum can be used conveni- 
ently for design purposes—at least if the isolator may 
be considered to be a simple resonator. 

Vibration as well as shock usually influences the de- 
sign of an isolator. However. the most important con- 
sideration in relation to shock is whether the isolator 
will bottom. Examination of the positive and negative 
shock spectra, referred to inches of displacement, is 
sufficient to determine under what conditions this will 
happen. The spectra need not be separated into initial 
and residual. Spectra obtained for undamped resonators 
should be adequate, since the largest excursions of the 
isolator usually occur within the first cycle of the tran- 
sient, and any error related to damping tends to provide 
a small margin of safety. 


Equipment with Coupled Resonators 


It is clear that shock spectra present an adequate 
method of comparing the severities of test shocks when 
the equipment under test contains only simple uncoupled 
resonators. What can be said about the validity of the 
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method when this restriction is removed? On the basis 
of our previous discussion, we might be led to suspect 
that the shock spectrum method is at least better than 
the comparison of peak accelerations, durations, and 
similar simple characteristics of pulses of different shape. 
However, this spectrum can no longer be considered so 
literally representative of the motions within the equip- 
ment. It is not, for example, necessarily adequate to 
design the equipment in accordance with a stress analysis 
for an “equivalent static acceleration.” 

Biot. who invented the shock spectrum in connection 
with an investigation of the response of buildings to 


’* was able to show that responses can be 


earthquakes “ 
computed from the shock spectrum when a second un- 
damped resonator is added to the first so as to vibrate 
along the same line, as in Fig. 13, and the two resonators 


are tuned to the same frequency in the sense that 


k, 4 ke ky 


m, Me 


4x°f,? 

The actual transients excited by a shock will be at 

two frequencies that differ slightly from /, and from 
k,/m,. The frequencies are given by 

(f/f) 1 + (m/m,)! (3) 

The relative amplitudes of the two masses are given by 


To/2i + (m,/m)* (4) 


where the lower sign refers to the fundamental mode. 
The ratio C of the motion of m. (in terms of accelera- 
tion or displacement) to that of the mass in a simple 
resonator tuned to f, and subject to the same shock is 


C ; [1 + (m m:) | (5) 


In passing, attention should be called to the whip effect 
observed by Biot: namely, that the motion of m. can 
be extremely violent if m. is much smaller than m,. 


Furthermore, this analysis takes into account the loading 
of the first resonator by the second. 

Biot also showed that the response of the tip of a 
structure that behaves like a shear beam of uniformly 
distributed stiffness and mass. as in Fig. 14, can be com- 


* Italic numerals in parentheses refer to Cited References at end of text 
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Fig. 11—-Residual shock spectra for a half-sine wave peak 
acceleration A and duration tg. 


puted from the shock spectrum. The peak deflection of 
the tip at the nth mode is given by 


16m 


~ Qn —1)' ek 


where m is the total mass of the shear beam, k is the 


Tn 


Ay (fn) (6) 


force required at the tip to produce unit displacement, 
and a,(f,) is a value of acceleration obtained, for the 
frequency of the nth mode, from the shock spectra. 
The maximum shear stress at the base for the nth mode is 


&m 


Gn —1pn 2? UW @ 


Recently, the writer investigated the response of a 
coupled undamped resonator system similar to that of 
Fig. 13 in which, however, the frequencies of the two 
resonators were not identical. (2) It was assumed that the 
loading of the second resonator on the first could be 
neglected. The loading effect of small resistors, potentio- 
meter wipers, and the interior elements of vacuum tubes 
is often negligible. It was shown that the peak residual 
acceleration of the second mass is given by 
= fr. ay (fi) 4 : 


pa | Os (fo) (8) 
where a,(/,) and a,(f.) are acceleration values from 
the residual shock spectra at f, and f., the frequencies 
of the two resonators. The transient response during a 
pulse is also related to values from the transient spectrum 
in the same way, but this is of little importance in the 
case of asymmetrical pulses. 

Such investigations of special cases suggest that there 
are definite relationships between the shock spectra and 
the responses of coupled mechanical resonators in an 
item of equipment subject to shock tests, and that the 
shock spectrum may be used generally as a criterion of 
shock severity. At least, the damage potential correlates 
better with the shock spectrum than with any simple meas- 
urements of the pulse shape, for the cases considered. 

Relations such as those of Eqs (2) through (7) are 
sometimes used in the design of structures such as 
airframes for particular shock conditions. Other similat 
formulas have undoubtedly been derived by now. How- 
ever, in relation to the equipment fastened to the struc- 
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Fig. 12—-Shock spectrum for sinusoidally decaying transient of 


frequency fo and decay time T. 


ELECTRICAL MANUFACTURING 





ture or fastened in a shock test machine, such formulas 
are more important as a basis for the comparison of 
shock severities. The internal dynamics of the equipment 
are seldom measured or computed in enough detail to 
permit a comprehensive stress analysis or a complete 
analysis for the various possible malfunctions. Further- 
more, it is extremely difficult during the design process 
to define failure or malfunction in sufficient detail to 
justify using a computation of internal responses of 
the equipment to shock as the only basis for verification 
of design adequacy. Consequently, such verification is 
dependent primarily on environmental test. 


Simulation of Shocks 


It is often desired that a test shock provide a simula- 
tion of shocks that occur when equipment is in use or 
being transported or handled. A good basic approach 
is to use a simple pulse such as a sawtooth in accordance 
with a spectral requirement derived from field data. 
Nevertheless, the objective requires considering some 
additional factors. 

First of all, if it is desired, for example, to simulate 
a shock imparted through a missile airframe to equip- 
ment mounted therein and if the loading effect of the 
equipment on the airframe is large, the shock spectrum 
is not useful unless obtained from shock data taken when 
the equipment is present. There is no known method 
of correction for loading. 

A shock wave can also be described in terms of its 
Fourier transform. This, in contrast to the shock spec- 
trum, contains all the information present in the original 
pulse. (By the Fourier integral theorem, the pulse shape 
may be computed exactly by manipulation of the trans- 
form.) On the other hand, the stresses in even a simple 
dynamic system cannot be obtained from it without an 
integration. It may be ‘possible to use the Fourier trans- 
form in comparing shock severities in much the same 
way as the shock spectrum. At least, it appears likely 
that a shock having a Fourier transform greater for 
every frequency than that of another shock will be the 
more severe, 

It may be possible to correct the Fourier transform 
for loading, at least approximately, by means of compu- 
tation based on the mechanical impedances of the air- 
frame and the equipment. This would make it more attrac- 
tive as a basis for design information when shocks must 
be measured with the equipment absent, as is more com- 
mon in airplane than missile practice. 

On the other hand, if shocks can be measured with 
the equipment present, it does not necessarily follow that 
the Fourier transform is superior to the shock spectrum 
as a means of specifying shock test requirements. IJt is 
difficult to visualize a shock test machine that would 
provide variable control of mounting platform imped- 
ance as well as control over, say, the Fourier transform 
of the motion of the unloaded platform. It is not even 
clear how we would want the machine to perform, since 
the pulse is usually intended to simulate not one par- 
ticular shock but a composite of various shocks that the 
equipment might experience. 

The resonances of an item of equipment on a shaker o1 
a shock test platform may not be quite the same as when 
it is mounted on an airframe or being handled. This 
effect tends to be less in equipment involving a relatively 
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Fig. 13--Coupled undamped resonators. 


Fig. 14—Structure behaving like a shear beam. 


‘ 


rigid chassis. Its importance in relation to practical 
shock testing is not understood at this time. In some 
instances, it may make sense to specify a shock in terms 
of a drop onto a standard padding material on steel or 
concrete. For example, this might in some cases permit 
a better simulation of handling shocks. On the other 
hand, if the configurations of the test items are not 
known in advance, this method involves a difficulty in 
specifying the orientations at time of impact. Further- 
more, there may be difficulty in designing fixtures for 
orienting each item, unless a lightweight fixture, pre- 
ferably vibration-isolated from the test item, is allowed 
to drop with it. 

The family of shocks to be simulated may not in 
general be assumed to have closely similar spectra. Thus, 
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Air Filters 


Viscous impingement air filters. (Photo cour- 
tesy of Air-Maze Corp., Cleveland, Ohio.) 
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For Electronic Equipment 


If cooling of electronic equipment by 
forced air circulation is to be successful, 
the air must be properly and effectively 
filtered to remove deleterious foreign par- 
ticles. The selection and application of 
mechanical filters for this purpose are 


important factors in equipment design. 


THOMAS G. NESSLER 
Broadcast Engineering 
Industrial Electronic Products 


Rapio CORPORATION OF AMERICA 
Camden, New Jersey 


ELECTRONIC EQUIPMENT TODAY is generally housed in 
metal “black boxes” or cabinets and, due to high levels 
of electrical power operation, is dependent on forced-air 
cooling for satisfactory heat dissipation. The air circu- 
lated within these enclosures must be filtered to remove 
dust, lint and other foreign particles which can act 
deleteriously as heat insulators, abrasives, and electrical 
shorting media when allowed to settle on electronic com- 
ponents such as tube cooling fins, air dielectric capaci- 
tors, relays, etc. 

Filter Types. The science of air filtration has de- 
veloped primarily in the heating, ventilating, and air- 
conditioning fields. Three basic types of air filters are 
used today: 

]. Electrostatic precipitation. Filters of this type gen- 
erate an electrostatic field which charges and collects the 
entrant dust particle. While they provide the highest 
efficiency in the collection of dust, these filters are im- 
practical and unwarranted for use in electronic equip- 
ment since the additional degree of filtration that they 
provide does not justify their comparatively large cost 
and space requirements. 


2. Viscous Impingement. These filters (see headpiece ) 
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Table | — Dust Classifications 


SS 


Class 


Macroscopic | Large 
particles 


nuisance 
dusts 


Microscopic 





Ultramicro- 
scopic 


employ a multiplicity of adhesive-coated wire or crimped 
screen-cloth baffles arranged to break up the dust-laden 
air stream into minute currents so that the particles may 
be mechanically separated and trapped in the viscous 
film. This type of filter can be cleaned by washing in a 
suitable solvent and re-coated with adhesive for further 
use. Hence, they are considered “permanent”. The prin- 
cipal advantage of viscous (or viscid) impingement filters 
is their large dust-holding capacity, which makes them 
applicable for use in heavy dust concentrations. 

3. Dry. The dry filter depends on the fineness of the 
filtering medium and the spaces between to strain or 
screen out impurities. The filtering medium, usually V- 
shaped or pleated to obtain a large surface area, is 
formed of many materials, such as steel wool, processed 
paper, plastic yarn, expanded metal, and fibrous glass. 
While air filters have higher cleaning efficiency than 
viscous impingement types, they normally operate at a 
lower air velocity and have a shorter life due to pile-up 
of dust where it first strikes the filter. They are usually 
considered to be “replacement” filters which, although 
cleanable to a certain extent by tapping and vacuum 
cleaning, should be replaced to obtain highest efficiency. 

Dusts. Particles of dust in air come from many 
sources, each of which contributes a different kind and 
amount of contamination to the atmosphere. For in- 
stance, wind action erodes soil; combustion adds bits of 
carbon and other elements, manufacturing processes con- 
tribute many types of foreign matter; and plants give off 
pollens. Most dusts are composed of particles of many 
different sizes. Airborne dusts generally have a limiting 
maximum particle size but contain a graduation of sizes 
under that. 

Dust particle size is customarily measured in microns. 
A micron is one thousandth of a millimeter (1/24,500 
in.) and is designated by the Greek letter mu (y). The 
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Group size 


| Dusts and 
pollens 


Smokes and 
fumes 


Micron 
Examples 


100 and 


Lint, coarse mineral particles, soot, heavy 
larger 


dusts. 


10 to 100 | Spores, pollens, fine sands and soot. 


2to9 Fine fly-ash, atmosphere dust. 


Otol Tobacco smoke, condensed metallic and 


chemical vapors. 


Table I! — Mesh Scale of U. S. Standard Sieve 
Series 


| 
Mesh size 400 | 325 | 200 | 140 100 | 69 35 18 


Micron size | 37 | | 149 | 250 | 500 | 1000 


| 


44 | 74 | 105 


Table Ill — Atmospheric Dust Concentration Ranges 


Concentration, grains/ | 


Mass, mean 
1000 cu ft air 


Locality particle size 


Rural 0.02 to 0.05 


City 0.05 to 0.2 0.03 to3.0 


Industrial 0.2 to7.5 


_-eeeer__——————e—e—eee—e—e————————————————— 
+ 


size of a particle is usually designated by its average or 
effective diameter. Particles larger than 10 microns are 
unlikely to remain suspended in air currents and are 
visible to the naked eye. An arbitrary classification be- 
tween small, medium and large particles is given in 
Table I. Except for highly specialized technical applica- 
tions, little attempt is made to take out particles smaller 
than one micron from the air stream. 

Dusts, powders and granular materials are frequently 
measured by the size of screen necessary to remove them 
from the air. Particles larger than 40 microns are said to 
be “screen sizes.” Correlation between U. S. Standard 
Sieve Mesh and particle size is shown in Table II. Mesh 
size of a screen is expressed in terms of the number of 
wires per linear inch. 

Concentrations of dust vary from an imperceptible 
amount to more than three pounds of dust for every 
1000 cu ft of air. Typical dust concentrations are shown 
in Table III. Air filters are seldom used where dust 
concentration exceeds 4 grains per 1000 cu ft of air. 

Selection Factors. Filters can usually be selected on 
the basis of four major factors: efficiency, resistance to 


129 





air flow, dust capacity, and cost. The value placed on 
each of these depends upon the individual application 
and the designer’s judgment. 

1. Efficiency. \t is accepted practice today to denote 
the efficiency of mechanical filters on the basis of ac- 
celerated tests employing a standardized synthetic dust 
mixture. The Air Filter Institute’s “Code for Testing Air 
Cleaning Devices Used in General Ventilation” is used 
by the major filter manufacturers for determining filter 
efficiency. Tests conducted according to the code are 
reported on a weight basis, expressing the performance 
of the filter in terms of per cent by weight of the total 
dust in the air stream that is retained on the filter. 
Complete filter evaluation includes measurements of re- 
sistance at various air volume ratings, arresting ability 
at various intervals of filter life (period between clean 
and fully dust-laden) and dust-holding capacity. 

While it is true that these tests may not reflect actual 
performance of a filter in a particular installation, they 
do provide the user with a dependable means of com- 
paring various filter designs and thereby selecting the 
filter best suited to the application. 

2. Resistance to Air Flow. This selection factor is con- 
cerned with the maximum permissible resistance to air 
flow when the filter is dirty and not initial filter resistance 
when clean. The maximum permissible value is selected 
arbitrarily and is dependent on the design of the cooling 
system employed. The relative importance of this selec- 
tion factor depends upon whether the cooling system is 
a high-pressure system or a low-pressure one. The effects 
of resistance on the volume of air circulating in a system 
are not always equal. In a high-pressure system the pres- 
sure drop over the filter is a relatively small per cent 
of the total drop. An increase in the back pressure over 
the filter due to pollution will, therefore, give rise to 
only a relatively small decrease in the volume of circu- 
lating air. In a low-pressure system, the pressure drop 
over the filter may be a larger percentage of the total 
pressure in the system. For example, in a high-pressure 
system such as a centrifugal blower cooling a transmit- 
ting tube with a finned anode, a static pressure of 2to 5 
in. of water may be developed by the blower with only 
a 0.3 to 0.5 in. drop over the filter. In the case of a 
propeller fan which flushes a cabinet, however, the filter 
is generally the only important restriction and practic- 
ally the entire pressure-building capacity of the fan is 
necessary to overcome the resistance of the filter. 

3. Dust Capacity. Dust capacity is defined as the load- 
holding ability of a filter at some selected value of pres- 
sure drop across it. This factor provides an indication 
of the length of service between renewal or cleaning and 
also determines the maximum face air-velocity _per- 
missible. Common face velocity ratings for low-velocity 
filters are 300 to 350 ft per min, while high-velocity 
filters are rated at 500 ft per min and higher. Filters 


operated at greater than rated face velocities have lower 


efficiency (loss of dust load) and excessive pressure 
losses. Where maintenance must be kept to a minimum, 
a filter having a large dust capacity is indicated. 

4. Cost. Filter cost should be estimated on the basis 
of air-handling capacity (cost per cfm) prorated over 
the expected life of the equipment in which it is to be 
used. This estimate should include a comparison of the 
maintenance expenses (cleaning, recoating, etc.) re- 
quired by permanent filters and the cost of replacing 
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100 200 300 400 500 600 700 80C 
Face velocity, ft per min 
Fig. 1—Efficiency and pressure loss vs face velocity for a viscous 


impingement filter with an oil-coated steel mesh media 1 in. 


thick. 


disposable types. Installation costs should also be con- 
sidered. 

General Application Rules. It is generally advis- 
able to make the area of the filter as large as conditions 
will reasonably permit. This increases the dust-catching 
ability, decreases the power requirements necessary for 
the air circulating equipment, and decreases the required 
frequency of filter maintenance. 

In designing the cooling system it is necessary to esti- 
mate a maximum value of pressure drop due to filter 
pollution. An increase of 75 per cent over the clean 
filter resistance is considered good practice in the field. 
An increase of 100 per cent or more is too liberal and 
may result in an unduly noisy system. 

Filter construction should be rugged enough to with- 
stand normal handling and many cleanings (if it is of 
the cleanable type). The filtering media should be fire- 
retardant, protected against corrosion, and of an even 
density that cannot be altered by vibration. There should 
be no dangerous, sharp filaments or edges to cut fingers 
during handling and no loose media to be carried into 
the air stream. 

For use with a propeller type of air circulator, a low- 
velocity filter having a face velocity of 300 ft per min or 
lower is recommended. This type of fan is designed to 
move a large volume of air in relation to its size and 
power and normally works against low back pressure 
(no higher than 0.15 to 0.25 in. of water). Higher-pres- 
sure systems usually use centrifugal blowers with which 
smaller, higher-velocity filters can be used. The latter 
could have face velocity ratings of 500 ft per min or 
higher. Characteristic curves of efficiency and pressure 
loss vs face velocity for a high-velocity viscous impinge- 
ment filter (oil-coated steel mesh) and a low-velocity 
dry filter (fibrous glass) are shown in Figs. 1 and 2, 
respectively. The curves would seem to indicate that the 
high-velocity filter, because of its low resistance to low- 
pressure air, would be suitable for a low-pressure system. 
However, in such an application, the high-velocity filter 
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in. (water, gage) 


‘OSS, 


Pressure 


100 200 300 400 500 600 700 800 
Face velocity, ff per min 


Fig. 2—Efficiency and pressure loss vs face velocity for a dry, 
fibrous-glass filter 1 in. thick. 


will not have as good an efficiency as the low-velocity 
filter specifically designed for such a system. 

It is important that no unfiltered air be permitted to 
pass around the filter edges. The installation should in- 
clude a gasket of felt, neoprene, or some other suitable 
material around the perimeter of the filter. This applies 
even when filters are installed by sliding into a groove 
or channel. Metal-to-metal contact is not considered an 
adequate seal. 

An accurate method of determining filter maintenance 
requirements can be achieved by the installation of a 
U-type manometer. Locate one end of the manometer 
(extended by means of tubing) in the up-stream side 
of the filter and the other end in the down-stream side. 
The difference in the heights of the liquid in the mano- 
meter indicates the differential pressure existing across 
the filter and provides a direct indication of the filter’s 
condition. The use of a pre-set pointer on the manometer 
will show when the filter should be renewed or cleaned. 

Military Applications. A general standard, speci- 
fying the basic requirements and design features for 
enclosures for electronic equipment, has been approved 
for use by the Army, the Navy and the Air Force. This 
standard, MIL-STD-108, entitled “Definitions of and 
Basic Requirements for Enclosures for Electric and Elec- 
tronic Equipment,” includes enclosures using mechanical- 
ly filtered ventilating air. 

Military specification MIL-E-16400, “Electronic Equip- 
ment, Naval Ship and Shore; General Specification,” 
requires that filters for this equipment be of the cleanable 
type and of all-metal construction. High-velocity filters 
(above 550 fpm) must conform to military specification 
MIL-F-16552, “Filters, Air Conditioning, Cleanable, Im- 
pingement,” which specifies filter performance, materials 
and construction. Low-velocity filters (below 550 fpm) 
must conform to MIL-F-18993, “Filters, Air Condition- 
ing, Viscid Impingement Type, Cleanable.” 

Filter requirements for electronic equipment for Naval 
and Air Force aircraft are specified in MIL-E-5400, “Elec- 
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Table IV — R-F Attenuation of a Metallic Air Filter* 


Attenuation, decibels 
Frequency 


of signals | Low impedance fields 


High impedance fields 


14 ke 75 80 


80 ke | 75 
1 mc 

20 mc 

50 mc 


200 mc 


1000 mc 


*Type R82, Air Maze Corp., Cleveland, Ohio 


tronic Equipment, Aircraft; General Specification for.” 
Environmental tests which equipment and filters must 
pass for government acceptance are called for in MIL-E- 
59272, “Environmental Testing, Aeronautical and As- 
sociated Equipment; General Specification for.” Filter 
requirements for Air Force electronic ground equipment 
and tests thereof are specified in MIL-E-4158 (USAF). 
“Electronic Equipment, Ground; General Requirements 
for,” and MIL-E-4970 (USAF), “Environmental Testing, 
Ground Support Equipment; General Specifications for.” 

Radio-Frequency Shielding. A problem which fre- 
quently arises in the design of electronic equipment is 
the control of radio-frequency disturbances, which may 
originate in the equipment itself or come from external 
sources and which can adversely affect the performance 
of electronic equipment. Radio-frequency interference 
can be greatly reduced by the proper location of the 
different units of the circuit with respect to each other 
and by reliable electrical connections. However, since 
these are not always practicable, metallic shielding is 
used to eliminate or reduce r-f noise. 

Most electronic equipment is of necessity housed in 
metallic enclosures which, if it were not for the need for 
ventilation openings, would virtually eliminate transi- 
tional radio interference. The problem created by the 
openings can be largely overcome by the use of air filters 
constructed entirely of bronze or copper. In this case, r-f 
metallic gaskets are used as a seal with the filter. The 
attenuation of a commercially available filter in low-im- 
pedance and high-impedance fields is shown in Table 
iV." OO 


*See “R-F Tightness Using Resilient Metallic CGaskets,"" O. P 
Evecrraican Manuracturine, July 1956, p 116 
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Contact Researc 


Increasingly rigorous performance re- 
quirements and the diversity of new ap- 
plications for sliding, fixed and make- 
break electrical contacts are creating new 
research fronts in the contact art. Purely 
qualitative considerations for selection of 
contact materials and configurations have 
yielded to analytical investigations of basic 
contact phenomena, including the true 
nature of surface contamination and con- 
tact operating mechanics. The annual 
Pennsylvania State University Seminar on 
Electrical Contacts brings users and de- 
signers together to discuss current findings 


and _ problems. 
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Direct examination of relay contacts is often inn- 
possible or objectionable, especially if the equipment 
is in service. In a paper presented by H. W. Her- 
mance and T. F. Egan of the Bell Telephone Lab- 
oratories, “Examination of Electric Contacts by 
Plastic Replica Method,” a contact examination me- 
thod was described which circumvents most of the 
many objections to direct observation of contacts. 
(AIEE Transactions, Part 1, No. 34, pp 756-762, Jan- 
uary 1958.) The method consists of pressing the 
warmed contact into a clear thermoplastic material 
such as vinylite. When cool, the resulting imprint 
reproduces faithfully all the surface details of the 
contact in reverse relief, permitting examination by 
microscope. Almost without exception, solid deposits 
on the contact adhere to the plastic surface and thus 
are lifted off without appreciable shift of position 
relative to the contact topography. Foreign material 
suspected of impairing contact operation is made 
available for microscopic study on an optically clear 
and relatively inert base to which various chemical 
tests may be applied. 


h Expanded 


An 


Electrical 
Manufacturing 


Steff Report 


To COMPONENT AND EQUIPMENT design engineers the general 
term “contact” covers a broad but well-defined group of 
problems and physical phenomena. Materials, shape and 
size selection, application mechanics, testing and specifica- 
tion of contacts for fixed, sliding and switching connections 
have long been subjects of active study. Because of the very 
diversity of tasks performed by contacts in electrical equip- 
ment, and also the complexity of various phases of contact 
action, the contact art in the past has been marked by 
empirical design methods and the use of specific but unco- 
ordinated data on materials and structures. 

Analytical methods and rational views of the nature of 
contact action have now vigorously established themselves, 
but the variety of functions and the severity of operating 
conditions for contacts have enormously expanded. In recog- 
nition of the almost limitless number and complexity of 
actual working problems in contact application, the Engi- 
neering Seminars on Electrical Contacts held at The Penn- 
sylvania State University annually are conducted on the basis 
of segregating the technical papers into general subject 
groups and then providing specific designated time and 
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Contact-wear test apparatus used for evaluation of wear 
of sliding gold-plated contacts. The wear specimens 
are cylinders. The solid gold-alloy sliding specimen 
is inclined 90 deg to the gold-plated stationary speci- 
men and inclined 45 deg to the direction of sliding. 
The arrangement produces straight wear tracks of 
equal lengths on both specimens. A platform is lo- 
cated on top of the plated wire holder and allows 
the loading of the wearing system with different 
forces. The transfer of plated gold to the solid member 
is studied using the radioisotope tracer technique. 
Weight gain, as determined by the amount of radio- 
active gold on the non-active member after sliding, is 
a measure of material wear and transfer. (From “A 
Preliminary Wear Study of Gold-Plated Contacts,” 
Bruce E. Blake and George D. Fatzer, International 
Business Machines Corporation.) 


opportunity for discussion between the authors of the papers 
and individuals having particular problems or suggestions. 
This procedure is most effective in bringing together the 
persons vitally interested in particular contact-technology 
aspects under conditions that encourage concentrated in- 
quiry. 

The Contact Seminars are co-sponsored by the ASTM 
Committee B-4 on Metallic Materials for Electrical Heating, 
Electrical Resistance and Electrical Contacts, in cooperation 
with key industrial users and producers of systems and 
equipment in which contact problems abound. As described 
in the Pennsylvania State University announcement, the 
purpose of the Seminars is “to provide a review of electrical 
contact theory and current information on arcing, sliding 
and stationary contacts, together with ample opportunity to 
discuss contact problems with experts from manufacturers 
and users. The Seminar is intended primarily for practicing 
engineers, physicists and restarch scientists in the field.” 

Sliding-Contact Noise. Present emphasis in the ap- 
plication of sliding contacts is no longer on power transmis- 
sion but rather on switches, code drums and slip rings in 
miniature low-current devices used to transmit intelligence 
or signals, according to E. W. Glossbrenner, who presented 
the paper “Sliding Precious-Metal Contacts and Electrical 
Noise.” Since the intelligence or signal may be considered 
as an output voltage, any variation in voltage will be inter- 
preted as a variation in the signal, producing errors in the 
instrument. This voltage variation is considered as contact 
noise. Contact noise may then be defined as a variation of 
output voltage produced at a contact. This is generally con- 
sidered to be of two types—active and passive. Active noise 
is the thermal voltage produced by the heating of dissimilar 
metals, and may be generated by any source of heat in the 
contact area. Passive noise is only a variation in voltage 
drop. In most instrument contact applications, variation of 
contact resistance is far more significant than the absolute 
resistance. Low-current miniature applications make the use 
of precious metals and alloys economically feasible, but very 
little work has been published evaluating the factors in the 
generation of noise in precious-metal slip-ring contacts. For 
a series of tests, Mr. Glossbrenner, who is Director of Re- 
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search and Testing for Poly-Scientific Corporation, devised 
a method in which short lengths of precious-metal tubing 
were mounted on brass pins. Contacting the slip-ring assem- 
blies thus simulated were groups of standard wire brushes. 
Contact load and brush forces were preadjusted, and the 
precious-metal tubes were rotated, using a variety of motions 
and speeds. With a test circuit as shown in Fig. 1, measured 
currents were passed through the “slip-ring’” assemblies 


during the periods of noise testing. Noise voltages were 


amplified and photographic records made from oscilloscope 
traces. Each test lasted 200 hr, with the assemblies operated 
in oscillatory motion at 41 cycles per minute, making a life 
test of greater than 500,000 cycles. From these tests many 
conclusions were derived, relating to key sliding-contact 
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Fig. 1—Circuit for electrical noise tests of sliding precious- 
metal contacts. Noise voltage across the contacts is applied 
through an amplifier to the vertical amplifier of the oscillo- 
scope. Horizontal sweep is generated using a potentiometer 
geared directly to the test drive shaft, so that the horizontal 
position on the beam can be related to a contact position. 
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factors, such as the importance of cleanliness, qualitative 
data on various materials, hardness of materials, contact 
loading, and shape of contact and brush surfaces. 

In “Equipment for Evaluating Contact Noise in Brush 
Encoders,” C. C. Packard of International Business Machines 
Corporation described equipment designed primarily to 
characterize quantitatively the contact noise generated in 
analog-to-digital brush encoders, but which may also be 
applied to the investigation of relays, switches and com- 
mutators. Encoder failure occurs almost exclusively in the 
form of incorrect readout signals caused by brush-contact 
noise. Two distinct classifications of noise are present: 


Displacement 


2pid 


t sduc 
ronsoucer 


Fig. 2—Arrangement for measuring arc-erosion characteristics 
of contacts. The upper contact is movable and is held closed 
by spring A. Spring B is stronger and will pull the contacts 
against a stop in the open position. This stop also serves for 
the auxiliary contacts which transfer the current from the 
arc, thus extinguishing it. The mass on the arm may be 
changed to obtain 
forces may be changed to obtain various contact velocities and 
contact pressures. A limit switch on the cam shaft controls a 
main contactor which interrupts the circuit current immed- 
iately following transfer of the current from the arcing con- 
tacts to the auxiliary shorting contacts and again closes the 
main contactor to start current flow immediately following 
closure of the test contacts. 


various contact velocities, and the spring 
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momentary opens caused by brush bounce or foreign parti: 
cles, and fluctuations in contact resistance caused by irre- 
gularities in the conducting surface or variations in contact 
pressure. The presence of either of these types of noise may 
cause an erroneous output signal. Factors influencing brush 
noise include brush pressure, shaft speed, frequency of brush 
transitions between segments, and frequency of rotation 
reversal. By making use of the fact that, according to 
preliminary investigations, the non-conduction segments of 
coded disks were noise-free, a test method was devised 
which performed noise evaluation encompassing interroga- 
tion pulse width and spatial distribution of noise over a 
disk segment. An interrogation pulse delayed by a prede- 
termined time interval could be initiated on the transition 
from a non-conducting to conducting segment. A ratio of 
successful interrogations to total interrogations is then a 
measure of device reliability. 

Contact Mechanics. Electrodynamic forces occur at 
contact surfaces because of the interaction between the 
constriction lines of current flow and the fields that they 
produce.* In “Calculation of Contact Electrodynamic Forces 
Caused by Current Constriction and Associated Geometries,” 
A. C. Snowdon of Cutler-Hammer, Inc., demonstrated ana- 
lytical methods and useful nomograms for the calculation 
of contact electrodynamic forces and their interpretations 
for various aspects of contact application. It can be con- 
cluded, from these analyses, that contact electrodynamic 
force depends only on current, the contact radius and actual 
contact area ( the “a” spot radius*). It also appears that 
these forces are independent of radius of curvature at a 
contact face, current frequency and rate of change. 

The specific contact design problem of a twin contact 
for use with printed-circuit cards was used to demonstrate 
the mechanical analysis and other aspects of contact design, 
such as materials selection and treatment, in “Analysis of 
Contact Design,” by Jesse I. Aweida of International Bus- 
iness Machines Corporation. The advantages of multiple 
contacts in enhancing reliability and reducing tolerance 
buildup, the mechanics of contact forces and deflections, and 
strain-hardening effects were all discussed in detail, with 
design examples and supporting materials data. 

Contact Performance. As an interim report on work 
done on high-current contact-arc-erosion characteristics in 
association with ASTM Committee B4, Merle R. Swinehart 
of Cutler-Hammer, Inc., delivered a paper, “Ares and Arc 
Erosion in High-Current Contacts.” The ultimate goal of 
the test program is to be able to predict the arc-erosion 

(Continued on page 145) 


Contacts Handbook, R. Holm, Springer-Verlag, Berlin (1958) 
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otherwise 


IN34A 2 
Fig. 3—Test circuit for “dry circuit” contact testing in which a magnetic pickup is used as a 
generator to produce the contact test currents, thus eliminating all but the test contacts from the 
circuit. The test current is essentially constant regardless of the value of the contact resistance. 
Through the amplifier, the circuit operates the counter when the contact voltage exceeds a pre- 
determined value. 
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ALLAN D. KRAUS, Glen Cove, N. Y. 


1. Given the T network shown below, 


— a 
In = + /2 


1 WWW WW 


> 


-? 2 
2 43 


| o——__—_—_—____ 


determine the impedances of an equiv- 
alent 7 network 


2. Given the square resistance network 


shown below, determine the resistances 
of an equivalent 7 network. 


impedance at terminals 1-1 with 


2-2 open circuited. 


impedance at terminals 2-2 with 
1-1 open circuited. 

impedance at terminals 1-1 with 
2-2 shorted. 


Then 


Rihs+ Ry+ Ry) 


Z\ R,+ R:+ R:+ R, 


3. Given the resistance network shown 
below, determine the resistances of an 
equivalent T network. 


Open and _ short-circuited impedances 
are determined as in Problem 2 above. 
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Equivalent T and Pi Networks 


Extracts from a design engineer’s workbook . . . illustrations of 
one approach to solving some commonly encountered problems. 


44,4 44; + Zs 


where Z, 
Z, 


4,2. 4+ 2,23 + Zeb 


Zs 7 


L\424+ 4,43 4+ 2:2 
‘ Z 


Substituting values, 

ZZ. = (2 + j2) (6 + Jj3) 
12 + sl2 + /6 6 
18.98/71.6 


(2 + j2) (3 — j2) 
6 + /6 j4+4 10 + 
10.2/11.3 


110 + + 6) 
1+ 10 4 + 6 


RR, + Ro+ Ry 
Ri+ Rot Rat R, 


“4+10+6) . «a. 
i-erete 3.33 
Ri(R.+R) — 410 + 6) 


a R+R+R 4+10+6 


Ihe equivalent 7 will have the follow- 
ing configuration: 


The open and short-circuited terminal 
impedances for the T are: 


RAR, + R) 
R:+ R;+ R, 


1(8 


1+ 8 


10 4 


RCR.+ Rs) 
Ro+ Rat Ry 


RoR 
hit Re 


12.67 


The configuration of the equivalent 


T will be 


2.2; = (6 + j3) (3 — j2) 

= 18+ /9 —j12 +6 = 24 — 3 

= 24.2/-—7.1° 
4:42 + 2:2; + ZZ; = 6 + 10 + 24 

+ J18 + j2 Js 
140 + j17 43 .5/23° 

13.5/23 
6.48 3.6 


6.71 /26.6° 


RR 


Zic= Rat RR 


These equations may be solved for 


R,, R, and R, and values as deter- 

mined above substituted. 

Ra= Zioc—V Za Zioc— Zisc) 
3.33—./3.550.53 — 3.3) 

Rs = Zroe— WV Zr Zivc— Zrae) 
3.33—./3.333.33 

Re = JV Zael Zi Lies) 
V3.33(3.33 3.2) 0.66 


ar 


(Note that in solving the equations 
above for R,, R, and R,, it is neces- 
sary to solve a quadratic and that, in 
doing so, the positive value of the 
radical is used since R, must be post- 


The resulting resistances may be de 
termined using the equations above. 
R,=72, V Zr Zioe — Zi sc) 
13 — 1/3013 — 12.67) = 12 
Ry = Za0e — V/V Zr Zi 0) 
3 —/3(13 — 12.67) 
Vv L 20 (Z, Zac) 
V3C13 12.67) 
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The System Equation 


Relating input directly to output, the system equation can be used to determine 


stability and performance of an automatic control system. Consideration is given 


first, of course, to means of solving the equation. Then a method of stability de- 


termination (Routh’s criterion) is described which does not require solution of 


the equation. As in the previous articles in this series, a linear system is assumed, 


IRA RITOW 

Manager, Theoretical Analysis 
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System Equation and Root Location. A system 
equation is a differential equation relating sy: ‘em output 
to system input. For example, 


17 d’¢z, , 8 dz. 


 —-_— (92) 


is a possible system equation where x, and x;,, are output 
and input functions of time, respectively. The system 
characteristic equation is the system equation with zero 
input or driving function. In this case, 


17 d@x, 8 dr 


4 4 = () 9: 
df dl " (93) 


is the system characteristic equation. When this equation 
is Laplace transformed into the p domain (assuming that 
all initial conditions are zero) Eq (93) becomes: 

(17p? + 8p + 1)(z.) 0 (94) 


l7p? + 8p +1=0 

The roots of an equation are those number values of the 
variable that make the equation an identity. In the case 
of Eq (94), the roots are those values of p that make the 
left-hand part of the equation equal to zero. The roots of 
Eq (94) give the values of p for which the transfer func- 
tion is infinite (has poles). This can be seen from the 
fact that the transfer function of Eq (92) is 


L (20) _ l 
Li) tp? + 8p +1 


so that poles in the p plane in the transfer function are at 
the location of roots of the Laplace-transformed system 
characteristic equation. From the discussion in previous 
articles on the meaning of the location of poles in the 
transfer function, it is apparent that a stable system has 
no roots in the positive half of the p plane; i.e., its 
characteristic equation has no roots with positive real 
parts. The effects of the location of system characteristic 
equation roots are reviewed in Fig. 63. Notice that the 
farther the roots are to the left, the more stable and rapid 
in transient response the system becomes. 

The system characteristic equation of a physical sys- 
tem, when transformed, is an algebraic equation in p 
with real number coefficients and, as such, has three 
characteristics of its own: 

1. The number of roots of p equals the degree of the 
equation. (The degree of an equation in p is the numer- 
ical value of the largest exponent of p.) 

2. The roots are real or complex. If any roots are com- 
plex they occur in complex conjugate pairs. (This means 
that the equation can be factored into single and quad- 
ratic factors containing only real numbers. This will be 
explained under “Lin’s Method.” ) 

3. For all roots to have negative real parts, all co- 
efficients of p must have the same sign and not be equal 
to zero for all values of p" up to n = the degree of the 
equation. Meeting this requirement does not guarantee 
system stability, however. 

To illustrate the last statement, among the following 
examples of system characteristic equations 

49p* — 36p' + 22p* + 3p + 97 = 0 (95a) 
12p'+ 8p'=0 (95b) 
3p‘— Sp'— 2p? — 3p —4 0 (95c) 
only Eq (95c) represents a system that might be stable. 
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Fig. 63—Effect of locations of the roots of system characteristic 
equations, 


Lin’s Method. All the roots of an equation are known 
when the equation is reduced to simple (first order) 
factors such as 

(p — 7) (p + 6) (p + 7 —2j/)(p + 7 + 2j) = 0 
In the above case, the roots are: +7, —6, (—7 +2)), 
and (—7 —2 j), for at these values of p the equation is 
satisfied. 

By the quadratic formula of algebra, a second-order 
factor such as 

(ap? + bp + ¢) = 0 
has two roots: 


=} + V b -4dac 


2a 


p = 


—b — V b? —4ac 


p= Ba (96a) 
2 


Therefore it is only necessary to develop a method to 
factor polynomials with real coefficients into quadratic 
factors to be able to find the roots of any system char- 
acteristic equation. Such a method was developed by 
Shih-Nge Lin and is as follows: if a polynomial is 


given by 
A = p™ + bp™" + cp" + gp? ++hp +k (97) 


and n is even (the odd case will be taken up separately ) 
a first guess at a quadratic factor is 


B, = G 42 5. (98) 
g9 9 


Test this guess by dividing A by B,, using ordinary long 
division, until there is a small remainder: 


G ‘e. +=) pr + bp" ' + ep"? 4 (99) 
q q . 


mp? +hp+k 
gmp? + hep + ke 
small remainder 


AUGUST 1959 


Repeat the long division using 
B, = (» + tes KY 
9 9 


as a divisor instead of B,. Repeat until the small re- 
mainder is negligible to get the factor B. The polynomial 
is now reduced to A = BC. Now C is factored by the same 
method to obtain another factor, etc., until A is com- 
pletely factored into quadratic terms. 


If n is odd in Eq (97) in the above procedure, factor 
out a simple term by a similar division process using 
the factor 

F = (p+ k/h) (100) 
as a first guess. 

As an example of Lin’s method, the factors of the 
following equation will be determined: 

p® + 10p* + 36p* + 56p? + 35p + 6 = 0 (101) 

Notice that all powers of p are present and that all 
coefficients have the same sign. Therefore, this may 
represent a stable system. The equation is fifth order 
(n = odd) and there are five roots. The first step is to 
factor out a simple term. As a first guess the factor F of 
Eq (100) is tried as a divisor into Eq (101) to give: 


_ pt +9.83p* + 34.31p? + 50.1p + 27.4 
p + 6/35 | p§ + 10p* + 36p* + 56p? + 35p + 6 
__p*+0.17p* 
9 83p* + 36p' 
3 83p* + 1 69p* 
34.31p* + 56p? 
34.31p® + 5.9p* 
50. 1p? - 
50. 1p? 


(102) 


The next trial factor is 

(p + 6/27.4) = approximately (p + 0.22 (103) 
Dividing by the new factor yields: 
pt + 9.78p* + 33.85p? + 48.55p + 24.3 (404) 
p® + 10p* + 36p* + 56p? + 35p + 6 


p® + 0.22p* 


p+ 0.22 


and so on to: 
24.3p + 6 
24.5p + 5.35 
, 0.65 
As can be seen by comparing Eqs (102) and (104), the 
second guess was closer than the first. The next estimate 
for factor F is: 
(p + 6/24.5) = (p + 0.25) (105) 
These approximations are converging toward the factor 
which is (p -++ 0.27). As with most repeated trial-and- 
error schemes, any degree of accuracy may be obtained 
by continuing the process. In servo work, accuracy of 
from one to five per cent is usually adequate. 
After the factor (p + 0.27) is removed from the poly- 
nominal of Eq (101) by long division, the quartic that 
remains is: 


p* + 9.73p* + 33.37p? + 46.99p + 22.31 (106) 


The next step is to factor out a quadratic factor using 
the formula of Eq (98) as a start. In this case the first 
trial divisor is: 

46.99 22.31 


2 = = ° » + 0.67 
Pt sai? t 5g. tte +6 


(107) 


Proceeding with the long division yields: 
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p?+8.32p+21.96 
p?+1.41p+0.67| p4+9.73p?+33.37p?+46.99p+22.31 
p*+1.41p'+ 0.67p?* 
8 32p3 +32 70p? +46 .99p 
8.32p?+10.74p?+ 5.58p 
21.96p? +41 .41p+22.31 
21.96p?+30.97p+14.70 
10. 44p+ 7.61 
The next trial divisor is [by Eq (99) ]: 


41.41 


i bh 
21 96! 


(108) 


22.31 


= p? + 1.89p + 1.02 
a1 06 = 4 1.89p + 1. 


p (109) 


Repeating the long division process yields 


p?+7.84p+17.55 
1 .02| p*+9.73p?+-33 .37p?+46.99p+22.31 
p*+1.89p'+ 1.02p* 
7. 84p'+32.35p?+-46.99p 
7 84p'+-14.80p?+ 8.00p 
17 .55p?+-38 .99p+22.31 
17 .55p?+-33.18p+17.90 
5 8lp+ 4-41 
It is suggested that the reader compute the next step 
as an exercise to determine that Eq (106) factors into 


110 
p?+1.89p-4 : ' 


the following quadratics: 


p? + 2.22p 4 


(111) 
and 

(112) 
The result of the previous steps, Eqs (102) to (112), 


is that the system characteristic equation, Eq (101), has 


p? + 7.5lp + 15.40 


been factored into: 
p® + 10p* + 36p® + 56p? + 35p + 6 
(p+0.27)(p?+2.22p+1.27)\(p?+7.51p4 
The roots of the middle term, (p? -+- 2.22p 
are found by Eq (96) to be: 


15.41) 


999 1 V9 99 


pr — AS" = -1.114+0.19j (114) 


1.11 0.19; (115) 


3/4 
| 
' 


Fig. 64—Locations of the roots of the equation p® + 10p* 
sop" + 56p? + 35p 4+ 6 = 0. 
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Similarly, the roots of the other quadratic term, (p* + 


7.5lp + 15.40), are: 
ps = —3.76 + 1.14) (116) 
Ps = —3.76 —1.14) (117) 
So the original equation factors (approximately) into 


(p + 0.27)(p + 1.11 —0.19/)(p + 1.11 +0.19)) 
(p + 3.76 —1.14))(p + 3.76 + 1.14/)) = 0 (118) 


and the roots are as shown plotted in Fig. 64. Notice that 
there are two pairs of complex conjugate roots, that all 
roots are to the left of the imaginary axis, and that 
the system is therefore stable. 

The location of the roots indicates the relative speed 
of response of the system to transient disturbances. In 
any system with many roots, the roots farthest to the 
right give a fairly good approximation to system transient 
recovery by themselves. In this case the system is ex- 
pected to recover from an abrupt input change with a 
time constant of about 0.27 sec., due to the root at 
p —0.27 in Fig. 64. 

Routh’s Criterion. It is possible to use the system 
equation to determine whether or not a system is stable 
without actually finding the roots of the equation. This 
is done by using a method called “Routh’s criterion.” 
The first step is to inspect the system equation to see if 
all the coefficients of descending powers of p are present 
and of the same sign. If they are, as previously men- 
tioned, the system may be stable. (If they are not, the 
system is known to be unstable.) 

The next step is to arrange the equation coefficients in 
a pattern. If the system equation is 
ap" + a2zp™ + a;p""? + ap” + a,p +4 0 (119) 
then the pattern of coefficients is 

a a3 @ a; 
G2 GQ, dg as 
b. b 
Co Cy 
d. 
es 
n (120) 
where a,, a>, etc., are the system equation coefficients and 
the higher letter terms are calculated from: 


2 A3 — A; ay 


by; 


and similarly, 


‘ b; ay — a2 be 
b, 

By reading through Eqs (121) to (124) while point- 
ing to each term in the pattern of Eq (120), the pattern 
of the array of numbers of Eq (120) becomes quite 
apparent. 

If all the numbers in the left-hand column of Eq (120) 
(d,, do, by, c:, d;, e;, fi, g:) have the same sign, the system 
is stable. If the system is unstable, the number of sign 
changes in the left hand column equals the number of 
roots with positive real parts. 

As an example of Routh’s criterion, the system equa- 
tion previously factored by Lin’s method [Eq (101) ] 
will be tested. This equation was: 


p> + 10p* + 36p? + 56p? + 35p + 6 = 0 
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Fig. 65—Block diagrams of typical Type 0, 1, and 2 servos. 


Then the pattern starts as 


L 36 
10 56 


(125) 
and, following the rules of Eqs to (124), becomes 


I 36 
10 56 
30.4 34.4 
14.7 6 
30.3 
6 (126) 
Since the left column terms (1, 10, 30.4, 44.7, 30.3, 6) 
all have the same sign, there are no roots with positive 


real parts. As an example of an unstable system, 


2p‘ + p? + 4p? + 3p + 5 = 0 (127 
will generate the pattern 


9 


2.09 


5 (128) 
In this case there are two sign reversals in the left hand 
column, 1 to —2 and —2 to 5.5, so Eq (127) has two 
roots with positive real parts and the corresponding 
system is unstable. 

Types of Unity Feedback Systems. It is helpful 
to the user as well as the designer of any complex device 
to be able to classify the device into one or more broad 
categories that describe overall performance. 

There is such a classification system in servo analysis. 
Servos are referred to as Type 0, Type 1, Type 2, etc. 
The classifications are clearly defined for servos with 
unity feedback (B = 1) and the following discussion will 
deal only with such servos. A latter section will discuss 
the extension of these categories to cover the case of 
servos whose feedback gain is not unity. 

A Type 0 servo has no net integrators in its forward 
loop, a Type 1 servo has one net integrator in its forward 
loop, and a Type 2 servo has two net integrators in its 
forward loop. These are illustrated in Fig. 65. 

In Fig. 65 notice that the servo type number is the 
order of the factor of p in the denominator when the 
forward loop transfer function is written in factored 
form. Figures 66 to 68 show how a simple count of 
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Fig. 66—-Example of Type 1 servo. 
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Fig. 67—Example of Type 0 servo. 


pisptiy 
10p3+2,2 





6(P +!) 


p2(5p+li) 


= Type 2 system 


Fig. 68--Example of Type 2 servo. 


integrators alone can be misleading. In Fig. 66, for 
example, there are two integrators but the servo is a 
Type 1 system. 

Another way of expressing the type-number concept 
is to regard the type number as the order of p in the 


denominator of the forward loop transfer function as p 


approaches zero (frequency goes to zero) as a limit. 
This can be seen in Fig. 69 which shows the low-frequency 
part of the Nyquist diagram for various servo types. 
Notice that the low-frequency tail approaches a different 
axis for each type of servo. Table 1V shows the effect 
of type number on the open-loop transfer function. The 
type number of a servo with unity feedback can be 
immediately determined from the algebraic, Bode, or 
Nyquist representation of the forward-loop transfer func- 
tion. 


To see the significance of the servo-type number, the 
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steady-state output of the servo in Fig. 66 will be cal- 
culated for several input cases using the final value 
theorem* given in the second article of this series. The 
feedback equation in Laplace transform form for this 
kind of servo is 

A 


"{+a8"* —_ 


The error signal is 


| | AB 
k b 3 T ‘Ain in ‘ 
ee (: 14 aB)* i + AB ** (130) 


The values for A and B from Fig. 66 are 
15 
~ pGp +) 
B=1 
Inserting these in Eq (130), 
: Xin 
7” mo 
pGp +1) 
p(S5p + 1) x 
pGp +1)+15° " 
where E and X,,, are the Laplace transforms of the error 
and the input, respectively. 
If the input is a step function of amplitude D, 


D eo 
Xie > (133) 


so that the final value of the error if a step is applied is 


. H5p+1 D 
error (at = + ©) =lim (of ve ee > | =0 (134) 


This shows that the servo of Fig. 66, a Type 1 system, 
has a zero steady-state error if a step input is applied. 

If a ramp input (constant-velocity input) of slope D 
were applied to the servo of Fig. 66, then the Laplace 
transform of the input would be 


Xie - (135) 
Pp 


and the steady-state error would be: 


pOp+)) 4 D (136) 
15 


we oo é l 
are pGpt+l)+15 p 


) =lim (0) p 


*The final value theorem states that the final value of a time function is equal 
to the limiting value of p times the Laplace transform of the time function as p 
upproaches zero 


Nyquist 
diagram 











Fig. 69—Nyquist diagram for various types of servos. 


so that a ramp input will result in a steady-state error 
of 1/15 the slope of the ramp. 

Repeating this analysis for the case of a constant 
acceleration input would show that the Type 1 servo 
of Fig. 67 has an infinite steady-state error for a con- 
stant acceleration input (parabolic input). The above 
results are typical of Type 1 servos and are summarized 
in Fig. 70 with typical illustrations of the various re- 
sponses. 

A look at two very simple servos with one or two 
integrators in the forward loop and no other frequency- 
sensitive elements will illustrate the significance of the 
number of integrators. These cases are shown in Fig. 71. 
Since the output of an integrator can remain fixed with 
a zero input applied, both servos can maintain a constant 
output with a zero steady-state signal at z, so that both 
servos will have zero steady-state errors for constant- 
displacement inputs. If a constant-velocity output is re- 
quired of each servo, a constant signal must appear at 
point z in each case because the integral of a constant 
displacement is a constant velocity. In the case of the 
Type 1 servo of Fig. 7la, this constant value at z means 
a constant error signal. In the Type 2 servo, however, a 


Table IV — Characteristics of Various Types of Servos 


Limit of phase shift 
of Bode phase curve 
as frequency 
approaches zero, in 
degrees 


Limit of slope of 
Bode magnitude 
curve as frequency 
approaches zero 


Servo type 
number 
0 0 0 


6 db/octave 


12 db ‘octave 


Steady-state error for input of: 


step ramp parabolic 


proportional to 
step size 


0 proportional to 
input velocity 


0 | proportional to 
input acceleration 


ELECTRICAL MANUFACTURING 





constant signal at z can be maintained with a zero signal 
at y; hence with a zero steady-state error. 

The Type 2 system equation will now be developed 
to illustrate a peculiarity of such a system. The feedback 


equation [Eq (129) ] 


" 1 + AB’ 


X, = Xin 


can be rewritten into system equation form as 


x. (5 B ) = Xi 


If the servo is a basic Type 2 system, the value of A 
might be 


(137) 


3t 


If, in addition, B 1, the system equation becomes 

X. (3p? +1) = Xin (139) 
Since this system has a characteristic equation with a 
zero or missing coefficient for p, the servo is unstable. 
This is true of all pure Type 2 and higher type servos 
unless the servo contains other frequency-sensitive ele- 
ments. 


For example, if the transfer function of A were not 
Eq (138) but 


1 
s p(7p + 3) (140) 
then the system equation would be: 

Xo (7p? + 3p +1) = Xin (141) 
and there would be no missing coefficients in the charac- 
teristic equation. The servo might be stable in this case. 
It is suggested that the reader try to determine the 
stability of this servo as an exercise. 

Error Constants. One of the most concise and useful 
ways of specifying servo performance is by means of 
“error constants.” Error constants are an extension of 
the type-number system of classifying servos. In the 
previous section the total error for various types of servos 
was determined for constant-displacement, constant- 
velocity and constant-acceleration inputs. In the case 
of a constant-acceleration input, no attempt was made 
to separate out the part of the error due to acceleration 
from that due to the velocity and displacement that ac- 
companied the acceleration. In this section, these com- 
ponents will be separated. 

Before starting it must be mentioned that, unfortu- 
nately, there are two systems of error constants in servo 
literature. Both systems use the same symbology. Recent 
books call the more limited system “Static Error Con- 
stants” and the more flexible system “Generalized Error 
Constants.” This article will confine itself to the more 
useful generalized error constants. 

In order to develop the generalized error constants, it 
is necessary to start with the assumption that the error 
signal in a servo is a function of the input signal and 
its derivatives, so that 


sail di ‘ ai 
= (il + C2 T ©; > 
dt ' “dl 


(142) 
or the error e is a constant, c,, times the input plus 
another constant, c., times the input velocity, etc. In 
order to agree with servo literature in general, Eq (142) 
will be put in the traditional form 


LC dee.) Bas l dt 


- - - + + 


dt K, dé kK; dt Seep 
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Fig. 70—Responses of a Type 1 servo to step, ramp and pata- 
bolic inputs. 


where K,, K,, Ka and K; are called the position error 
constant, velocity error constant, acceleration error con- 
stant and jerk error constant, respectively. If E is the 
Laplace transform of the error, e, and / is the Laplace 
transform of the input, 7, then Eq (143) can be trans- 
formed into 


(144) 


7 “e-3T-4 as 


ona 


Cerca EERCURS NSE semaine 


Basic Type 1 servo. (b) Basic Type 2 servo. 
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Before illustrating the usefulness of this concept with 
an example, it is necessary to show how the E/I function 
can be put into the form of a series of powers of p as 
indicated in Eq (144). This is done by use of Maclaurin’s 
expansion which says that if F is a function of p, then 
F can be expanded into a power series in p by 


F=F,+ Fi p+F 


» 


where 


value of F at p = 0 

value of dF /dp at p = 0 

value of d? F/dp? at p = 0 

value of d* F/dp* at p = 0 
etc 


(Note: There are limitations on Maclaurin’s series ex- 
pansion that do not affect this analysis. ) 

An example of the use and interpretation of the 
generalized error constants is seen by analyzing the 
elemental Type 1 servo shown in Fig. 7la. In this case, 


1=D/p (146) 
B=1 


sO that ° 


kK ] p ~ 
T"1+AB 1tbe pip * (147) 
In order to expand by Maclaurin’s series we calculate: 


d(k/1) (p + D) —p D 


dp (p 4 D) (p + D) (148) 


d? (i /1) D (2p + 2D) 2D 


dp (p t D)* (p Tt D) or 


d* (h/1) 2D|3 (p + D)*| 6D 
dp (p + Dy (p + D)* 


More terms could be calculated, but will not be needed 
in this example. 


(150) 


> 


Fig. 72 
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A typical input function and its first two derivatives. 


The expressions of Eqs (147) to (150) are now used 
to evaluate the constants of Eq (145). 
bE 0 


F 0 


I 04D (as p > 0) (151) 


d (2/1) D 


dp (0 + D) D (as p > 0) (152) 


ad? (2/1) 2D 


dp’ (0 + D) D (as p — 0) (153) 


d® (£/1) 6D 6 


KF 
dp (p + D)* D 


(as p— 0) (154) 
Inserting these values in Eq (145) yields: 


> k p p p 
rey «ets ats 


which, when compared to Eq (144). 


k l p p p 
/ 1+kK a A kK 
leads to the values 


iN 

A +D 

A D 

A +p (156) 


In order to apply these figures, an input function must 
be assumed. Figure 72 shows such an input function 
and its derivatives. Suppose. for example, that it is 
desired to calculate the error at time ¢ 14, sec. At 
that moment 


l 4 
di/dt l 
d*i/dé 2 (157) 
so that substitution of the values of Eqs (156) and (157) 
into Eq (143) yields 


(158) 


(Warning: There is a flaw in this argument to be dis- 
cussed shortly.) By similar means the error at any time 
could be calculated and the transient response drawn. 
Unfortunately, this is only an approximate method. This 
entire example assumed that the higher-order terms in 
Eq (143) (to the right of K,) are negligible. As can 
be seen from the progression of terms in Eq (156), this 
may not be true if D is less than one; for, if D is less 
than one, successive terms to the right in Eq (143) are 
larger. Furthermore, d°i/dt® is infinite at time — 0 and 
at time 1 sec due to the abrupt changes in d*i/dé° at 
these times as shown in Fig. 72. An infinite jerk would 
cause an infinite error at those times. Should such an 
error occur at time zero, the servo would never recover. 
Another difficulty is that the Maclaurin series expansion 
of Eq (145) is only valid for series that converge. 

The use of generalized error constants is limited, 
therefore, to cases of smoothly and slowly varying in- 
put signals (i.e., signals that contain only low-frequency 
components) for, in the case of low-frequency signals, 
the magnitude of derivative terms decreases with suc- 
cessive differentiation. This is illustrated in Fig. 73. In 
the case of the lower frequency, successive derivatives 
are smaller. In the case of the higher frequency, succes- 
sive derivatives are larger. 

It should be kept in mind that the larger the general- 
ized error constants, the lower the errors and the better 
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Fig. 73—Effects on magnitude of the successive differentiation 
of sinusoidal inputs of different frequencies. 


the system. The relative magnitude of various error con- 
stants is a good indication as to whether a servo’s error 
depends primarily upon velocity or acceleration, etc. 

In general, the higher type-number servos have higher 
error constants; hence better performance. To illustrate 
this, the general Type “‘n” servo of Fig. 74a and the 
Type 1 servo with a simple lag as shown in Fig. 74b 
have the dynamic error constants shown in Table V. 
Notice that, in the case of the modified Type 1 servo, 
the dynamic acceleration error constant can be made 
infinite by selecting D so that: 


Dr t (159) 


With a given value of +, this may often mean that K, 
is decreased in the process of increasing K,. In addition, 
it may not be possible to decrease D to maximize K, 
and at the same time maintain an adequate system sta- 
bility margin. 

Transient Response and Error Constants. The 
response of a servo to a suddenly applied transient such 


Output 





QD Output 
? x p(rptl) 
a 
- a 


a 


Fig. 74—Block diagrams of typical Type “n” servo (a) and 
Type 1 servo with a simple lag (b). 
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Time —> 


) Step response 


Time —> 
(c) Ramp response 


Fig. 75—Servo responses to step and ramp inputs. 


as the step, ramp and parabolic inputs of Fig. 70 can 
be approximated by using the generalized error constants. 
The steady-state error can be determined directly from 
the dynamic error constants and the time for the system 
to recover half-way from a sudden disturbance is ap- 
proximately 1/ K, sec. This statement assumes that the 
servo has very little overshoot in its response to a unit 
step. This is the usual case. 

As an example of transient response prediction, if a 
servo has the following dynamic error constant values 
K, = « 

k, 20 
K, = 0 (160) 


the step and ramp responses would be approximately 
as shown in Fig. 75. The step response may have the 
form of either Fig. 75a or Fig. 75b. The time it takes 
the output to rise to 14 of final amplitude, 7T,, is equal to 
approximately 1/K, 1/20 sec. Since K, is infinite, 
the steady-state error in step response is zero. 

In the case of the velocity ramp input of Fig. 75c, the 
steady-state error is w/K, where w is the rate of rise of 


Table V—Dynamic Error Constants for Type “’n”’ 
and Modified Type 1 Servos 


Servo Category Ky 


. 74a with n Basic Type 0 D 
. 74a with n Basic Type 1 
. 74a with n Basic Type 2 


. 74b Modified Type 1 





SUT UTM AYES St ee 


the ramp in output units per second. The time for the 
servo output to about half-way complete the transition 
from rest to full speed is approximately 1/K, sec, or 
20 sec in this case. 

No parabolic response is shown in Fig. 75 because 
the servo has a K, of zero, so it would not follow a 
constant acceleration (parabolic input) with a finite 
steady-state error. 

The exact response of a servo to any transient input 
can be determined directly by using Laplace operational 
calculus to solve the system equation for the particular 
transient input of concern. This may be a rather tedious 
process in involved systems. 

Non-Unity Feedback Servos. The previous sections 
on the type-number classification of servos and general- 
ized error constants have been limited to the cases of 
servos with unity feedback (B = 1). The general case 
of servos with non-unity feedback will now be considered. 

One way to examine the non-unity feedback servo is 
to compare it to a unity feedback servo of the same loop 
gain (same AB). This has been done in Fig. 76. The 
right-hand servo is the unity feedback servo and the 
left-hand servo is a non-unity feedback servo that is 
related to the unity feedback servo. For convenience they 
will be referred to as the unity case and the related case, 
respectively. In Fig. 76, C and D represent polynomials 
in p and all equations have been written in transformed 
form. Notice that, although the overall transfer func- 
tions and system equations are different for the unity 
and related cases by a factor of D, the loop gain and 
system characteristic equations are the same, so that 
the relative stability of a non-unity feedback servo can 
be determined by analyzing the equivalent unity feed- 
back servo and applying any of the methods developed 


Unity feedback servo 


Fig. 76—Comparison of the various characteristics of a unity 
feedback servo and a related servo. 
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Fig. 77—Example of a velocity servo. 





Fig. 78—Original (a) and simplified (b) block diagrams of a 
servo with rate damping. 


in this series. A good guide rule is: stability is solely a 
function of loop gain in linear servo analysis. 

The categorizing of servos by type number is not 
applicable to the non-unity feedback servo because it 
leads to a conflict. If the type number is defined as the 
number of effective integrators in the forward loop, then 
the unity and related cases have different type numbers 
by the number of integrators in D. If the type number 
is based on the error-input relationship, then the unity 
and related servos have the same type number since 
they both have the same error input function. 

The generalized error constant analysis, however, is 
the same for both the unity and related servos if error 
is carefully defined as the difference between the input 
signal and the output signal multiplied by the feedback 
gain. This definition is suitable because in a non-unity 
feedback servo the output is not expected to equal the 
input. It is expected to equal a function of the input, so 
it is misleading to define “error” as input minus output. 

An example of a non-unity feedback servo is shown 
in Fig. 77. This servo is also called a “velocity servo” 
since, at zero error, the output velocity equals the input 
signal. Thus the feedback factor of p makes an ordinary 
servo a velocity servo. Referring to the formulas of Fig. 
76, the overall transfer function of this velocity servo is: 

10 
p+5 10 10 
i. os aa “+i pets OS 


+ 


p(p + 5) 
From this the system equation can be derived as: 

p? 0. + 35p0. = 10 Bin (162) 
or in time domain form, 


0.1 dz 3.5 di . 7 
de df err 
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where i, = the output as a function of time and i, = 
the input as a function of time. With Eq (163) as a 
starting point, all the analysis tools previously developed 
can be applied. 

Another non-unity feedback servo of interest is the 
very commonly found servo with rate damping shown in 
Fig. 78. The forward loop transfer function D/[p(Lp 
+- 1)] is that of a typical motor and the usual unity 
feedback path is shown in parallel with a tachometer 
feedback of gain K,. Fig. 78b is an equivalent servo 
diagram which clearly shows forward and feedback gains. 
Applying the overall transfer function formula previously 
developed, 


D 
: A of p (Lp + 3) 
Oi. 1+AB “"" D (Kp + 1) 


Pp (Lp 4+) 


Current-Controlled D-C Motor Drive 


(Continued from page 84) 


3. addition of another stage of gain to the speed 

regulator. 

Thus modified, the drive is capable of 0.1 per cent 
regulating accuracy with a very small drift error. Appli- 
cations presently utilizing this degree of performance 
include textile spinning drives, fuel-pump testing, and 
others. One particular type of equipment to which the 
current-controlled system has been applied with con- 
siderable success is that of equipment for testing voltage 
regulator systems for aircraft alternators, for testing the 
alternators themselves, and for aircraft fuel-pump testing. 
Whether the application is system development or testing, 
many of the operating characteristics of the current- 
controlled system are utilized to advantage. In one in- 


Contact Research Expanded 


(Continued from page 134) 


performance of a contact on any device after having evalu- 
ated the arc-erosion properties of the contact material, so 
that standard ASTM tests can be cited for design and evalu- 
ation. Using a test arrangement as shown in Fig. 2, contacts 
of various materials were subjected to arcing similar to, 
but not identical with, the type of arcing found in switching 
devices during the interrupting phase of their operation. 
In actual switching operations, arc current during the in- 
terrupting phase must necessarily decrease from an initial 
value to zero. Since it has been found that arc errosion is 
not a linear function of current, in the test method employed 
the arc current was held as nearly constant as possible 
during the arcing period. The arc was initiated by drawing, 
and extinguished by transferring the current to an auxiliary 
parallel set of contacts. Many useful observations relating 
to contact materials and shape were made using this test 
method, and were summarized by Mr. Swinehart. 

The same author presented “Reliability Test Method for 
Instrument and Control Contacts.” A test circuit and arrange- 
ment was devised to permit tests to be conducted under 
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2 
Gin Lp?+(DK+1))p+D 
This is the equation of a second order system of resonant 
frequency 
we = V D/L 
and coefficient of damping 
_ DK +1 
~ VS 4DL 
As a result, the damping (and hence the overshoot) of 
this servo can be varied by adjusting the number value 
and sign of K, without changing any of the other char- 
acteristics of the servo — a useful feature. OOO 


(165) 


(166) 


Editor’s Note: The sixth, and final, article in this series will 
discuss a different approach to servo stability analysis—the Root- 
Locus Method—which is related to the system equation methods 
by its emphasis on the location of roots of the characteristic equa- 
tion in the p plane. 


stance, three 200-hp drives have been used for voltage- 
regulator system development, including basic develop- 
ment, component compatibility, and qualification testing. 
This application requires timed acceleration and decel- 
eration to simulate engine acceleration times, forward 
and reverse operation, speed cycling, parallel operation, 
good zegulating accuracy, and fast response to load 
changes. Also, the motors are provided with an external 
flywheel to simulate jet engine inertia. The flywheels are 
detachable to permit the evaluation of constant-speed 
drives under conditions of high acceleration. 

By way of summary, the table shows a comparison 
of the current-controlled drive characteristics with those 
of other standard types of drives. Oooo 
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various environmental conditions in which the actual test 
contacts were the only make and break electrical contacts 
in the circuits; auxiliary contacts and any question of their 
reliability were eliminated. In the test circuit, Fig. 3, con- 
tact voltages were limited to about 5 millivolts max., and 
the purpose was to operate a counter whenever contact 
resistance exceeded about 50 ohms. Using a mechanical 
driving system, test contacts were driven at the rate of 300 
operations per minute. An interlock on the driving shaft 
caused the magnetic pickup to generate the test current 
when the contacts were closed. The use of the magnetic 
pickup to generate the test current permitted the elimination 
of all circuit contacts except those under test. 

Since ¢ontact resistance as measured depends upon the 
voltage drop across the contact during measurement, in 
order to predict contact application performance from labor- 
atory tests it is necessary to use test conditions which will 
allow extrapolation of resistance to the desired application 
conditions. In “Dry-Circuit Contacts,” Bruce E. Blake of 
International Business Machines Corporation discussed the 
various test circuits and methods to be employed for deriving 
data on contact behavior in actual service by dry-circuit 
resistance measurements that justify extrapolation and ac- 
celerated environmental testing which produces surface films 
comparable to those produced in severe application environ- 
ments. 
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Control Meter with Electronic Link 


ROBERT J. MULLIGAN and 
JOHN E. HINES, JR. 
INTERNATIONAL INSTRUMENTS, INc. 
New Haven, Conn. 


THE USE OF A METER as a control (as 
well as an indicating) element derives 
from the fact that a meter responds 
to low-level signals with a high degree 
of inherent reliability and accuracy. 
Signals from transducers indicating 
strain, force, flow, pressure, sound or 
temperature may be successfully used 
to control processes involving the flow 
of large amounts of current or large 
voltages. 

As the techniques of automation have 
improved over the years, the means 
of obtaining process control have pro- 
gressed through many stages. One of 
the first designs involved simply the 
amplification of the low-level signal to 
a level high enough to operate a heavy- 


Fig. 1--Control meter has a scale length 
equivalent to conventional 414-in. meters. 
Two external arms determine control set 


points. 


Shield 


Fig. 2—Rather than making mechanical 
contact between pointer and control set 
points, a shield is mounted on the 
pointer. 
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duty relay. Drawbacks of this system, 
however, were that the amplifier could 
not be depended upon for linearity and, 
in the case of d-c signals, drift was 
common. To offset these difficulties, 2 
null balance designed 
wherein linearity and drift were not 
significant. This system, however, re- 
quired the use of a great deal of bulky 
equipment and sometimes ‘ntroduced a 
noise level which interfered with the 
true null position. 

The meter-relay then evolved in an 
attempt to simplify the design and use 
the meter as a direct control. A con- 
tact was mounted on the meter pointer 
and another contact was mounted on 
a movable set point on the dial. When 
the pointer contact touched the set 
point contact, a circuit was closed to 
achieve the desired control. This de- 
sign has the following disadvantages: 
the pointer cannot indicate past the 
control set point; the low torque of the 
pointer results in insufficient pressure 


system was 


between the contacts, thus causing a 
high-resistance path; and electrostatic 
attraction between the contacts can 


cause them to pull together prema- 


Set-point arms 


turely. Various schemes of  eliminat- 
ing these difficulties, including the 
use of a locking coil in the contact 
circuit or a magnetic device to pull in 
the pointer as it nears the set point, 
have not proved entirely successful. 

Another type of control meter em- 
ploys an electronic link to obtain the 
control rather than contacts. This type 
operates on the principle of the dis- 
turbance of a supersonic oscillation 
between two coils by the passage be- 
tween the coils of a metallic shield 
attached to the pointer of the meter. 
Independence of the signal circuit from 
the control circuit is thus obtained. 
The meter also provides linearity about 
the control point with no premature 
pull-in, full-scale indication and no 
reset mechanism required. 

The latest advancement in the de- 
sign of control meters involving the 
electronic link between signal and con- 
trol is the transistorized Model 2545, 
developed by International Instruments. 
(Fig. 1). Completely self-contained, 
the unit has a D’Arsonval movement 
which is isolated from the switching 


Fig. 3--Shield mounted on pointer passes between high-frequency coils mounted on 
set-point arms, creating an electronic link between the low-level input signal and 


high-level output circuits. 
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section. Accuracy of the meter move- 
ment is +2 per cent of full scale for 
d-c and -+-5 per cent for a-c. Scale 
length is equivalent to that of conven- 
tional 414-in. meters. 

Attached to the meter pointer is a 
small shield (Fig. 2). Mounted on 
each of the set-point arms (Fig. 3) are 
two coils, one being a transmitter ener- 
gized by a_ high-frequency oscillator 
built into the meter and the other a 
pick-up coil energized by the field 
from the transmitter. A schematic of 
the circuits involved in the meter is 
shown in Fig. 4. The oscillator which 
supplies transmitter coils L1] and L2 
is a standard Colpitts circuit. The 
signals generated in pick-up coils L3 
and L4 are rectified and applied as 
positive biases to the bases of trans- 
istors 7R2 and TR3. For normal opera- 
tion, when the shield on the pointer 
is not between the coils, the bias is 
just sufficient to provide output cur- 
rents of 0.1 ma. When the shield passes 
between one pair of the coils, the signal 
generated in the pickup is decreased 
and the positive bias on the transistor 


+ 


Fig. 4—Schematic diagram of transistorized 


the meter. 


Fig. 5 
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is reduced. The transistor then conducts 
heavily and an output of over 2 ma is 
produced. If the shield goes on through 
the coils to the upper part of the scale, 
the output current returns to normal. 

The duration of the high output de- 
pends on the length of time the shield 
remains between the coils. The signal 
is generated on both up-scale and 
down-scale travel of the pointer with- 
out interrupting its movement or af- 
fecting the accuracy of reading. Figure 
5 illustrates the sharpness of the out- 
put with relation to the meter’s scale 
divisions. The magnitude of the output 
and, to a certain degree, the sharpness 
of the response are dependent on the 
size of the load. 

Each of the manually set external 
arms operates from its end of the 
scale over 80 per cent of the total scale 
and the two points can be located as 
close together as 20 per cent of the 
scale length. If a single control arm 
is used, it can be adjusted to cover the 
entire scale. Power requirements for 
the transistorized control section are 
221% volts d-c at 10 ma. OOO 


+ 
+ 


s Output No.1 ==C5 


R4S 


oscillator and amplifier contained in 


Amplifier output response vs meter scale divisions. 


No Ballast or Starter 
for Fluorescent Lamp 


A FLUORESCENT LAMP that requires 
neither starter nor external ballast and 
which can be mounted in a single 
conventional screw base has been de- 
veloped by the Westinghouse lamp 
division. The need for an auxiliary 
starter is obviated by including a bi- 
metallic starting switch as an integral 
part of the lamp and the need for an 
external ballast is eliminated by an 
incandescent filament within the lamp 
itself. 

The incandescent filament not only 
serves the purpose normally performed 
by an inductor ballast, but also has two 
other advantages. Since the filament 
emits light, it adds to the total useful 
lumen output of the lamp. Also, since 
light produced by the filament has the 
reddish color characteristic of in- 
candescent tungsten, it supplements the 
normal blue-green color that is charac- 
teristic of the more efficient fluorescent 
phospors. 

In construction, the new lamps can 
be built for either conventional mount- 
ing (with terminals at both ends) or 
for mounting at one end only. In the 
latter case, a threaded base would 
permit the lamp to be used in an ordi- 
nary incandescent lamp socket. 

Study is also being given to the 
possibility of using the new lamps t 
replace or supplement incandescent 
lamps. In such use, self-ballasted fluor- 
escent lamps would have far greater 
efficiency and several times the life of 
ordinary household incandescent lamps. 
While the cost of the new lamps would 
probably be somewhat higher than con- 
ventional lamps, other economies would 
accrue from their use since smaller, 
more streamlined fixtures could be used 
and the heavy ballast with its extra 
wiring would be eliminated. O ¢ 





DESIGN TRENDS 


Versatile Motor Unit 
Powers Actuator Line 


Low COST AND ACCURACY as required 
are made possible in a line of actuators 
by the use of a basic rotary power 
unit with built-in feedback potentiom- 
eter and designed to accommodate a 
wide range of gear reduction ratios, in 
addition to providing for linear thrust 
instead of rotation when required. 

The Jordan Co., Inc., of Milwaukee 
has developed the Shaftrol, Fig. 1, as 
a rugged power unit employing a ca- 
pacitor-type or a three-phase low-in- 
ertia induction motor that requires no 
centrifugal switches or relays. Three 
or four stage, in-line spur gearing, Fig. 
2, provides high-efficiency speed re- 
duction with a wide choice of available 
gear ratios. A built-in precision po- 
tentiometer provides accurate indica- 
tion or fast follow-up response in closed 
loop and automatic systems. Selective 
gearing to the potentiometer permits 
any number of power unit output revo- 
lutions for full-scale indication on an 
indicating instrument. 

Remote position control is one of the 
many systems possible using the basic 


New Form of 
Brushless Generators, 
Motors 


Fig. 1 
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Fig. 1 


The basic Shaftrol unit, left, is a shaft- or foot-mounted induction motor 


with built-in reduction gearing and follow-up potentiometer. Available in four sizes 
developing torques from one to several thousand in.-lb, the rotary actuators can be 
provided with any of a wide variety of speed reductions and full control of rotation 


from 60 deg to 40 complete revolutions. 


Adjustable limit switches and torqne 


limiters can be applied to the units. The linear action version, right, develops 
thrusts up to several thousand pounds with stroke lengths to 40 in. 


Shaftrol. Employing transistors and 
printed circuits, the “Dialtrol” unit 
transmits a control signal to the Shaf- 
trol actuator for accurate control of 
valves, machine tool settings or feeds, 
or other rotary shaft motions. The com- 
mand can be set in on the dial, or 
automatic control can be obtained from 
liquid level, dancer roll, pressure trans- 
ducer or other signal device. 20 < 


> 
Fig. 2—Diagram of the basic Shaftrol 
rotary actuator. The long hollow shaft 
provides rigid support and _ permits 
mounting on shafts from 4 to 1 in. 
diameter, so that the actuator may be 
used for direct replacement of knobs 
and levers on control shafts for power 
operation and remote or programmed 
control. 


THE MANY ADVANTAGES of a design 
prin iple for a-c motors and generators 
that eliminates all rotating windings 
are achieved in a new basic form to be 
called “Secsyn” by its producers, Jack 
& Heintz, Inc., of Cleveland. A more 


Spur gearing 


Potentiometer/ 
Potentiometer 
drive gearing 


distributed- 
winding stator is employed, for either 


or less conventional a- 


motor or generator, but the rotor car- 
ries neither windings nor slip rings, 
thus eliminating sources of common 
failures and need for maintenance in 


Disassembled view of Secsyn machine, showing unique rotor and its excitation coils. 
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120 standard voltage 
regulated power supplies 
covering a wide range 

of transistor, tube 

and magnetic types. 


For complete specifications, 
write for Brochure B-591 
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PSC- 38-1 32.5-42.5 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. + INDEPENDENCE 1-7000 
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addition to permitting high-speed op- 
eration. The rotor magnetic poles derive 
their magnetization from stationary 
coils, Fig. 1, which surround the rotor 
shaft. Additional air 
tensions of the rotor tubes and 
shaft The 


bobbin wound for ruggedness and low 


are in ex- 
at the 
can be 


gaps 


( learances. coils 


cost. 


In Fig. 2 a 


tor comparison 


Secsyn rotor is shown 


with a conventional 
wound rotor equipped with slip rings. 
In the new rotor, a set of radial spokes 
serve as the magnetic path to the hex- 
agonal-shaped pole faces which con- 
stitute the poles of one sign (“north,” 


are 


jor instance). return paths, o1 


poles, provided by the 


“south” 


remainder of the rotor surface, a non- 
magnetic damper cage being employed 
io separate the unlike poles. The hex- 
agonal shape of the poles has been 
found to provide good wave-form in 
venerated voltages. The four-pole form 
was used for illustrating the principle 
of the 


‘ hine 


new rotor design, but the ma- 
can be built for any of the usual 
pole combinations. 
By virtue of the unique magnetic 
circuit design, the new form of machine 
combines the advantages of simple 
brushless construction with the weight 
advantages of conventional 


and size 


statically excited generators, despite 
the problem inherent in any stationary 
coil motor or generator; that is, losses 
due to the 


“parasitic” air 


inevitable auxiliary or 


evaps. 


of the careful design of the magnetic 


Actually, because 


circuit in the Secsyn motors and gen 
erators, the magnetomotive force drop 
across the auxiliary gaps is less than 
10 per cent of the total exciting ampere- 


The field 


4a maximum flux-<« arrying area 


turns. bobbin-wound coils 
enclose 
with no waste copper in end turns, 
their ampere-turns 
be produced without additional 
In effect, 


inherently 


and increased can 


eXCci- 
although the 


tation power. 


requires a greater 


additional 


secsyn 
excitation because of the 
air gaps, the more eflicient geometry of 
the field make 
tion power requirements somewhat less 
that of 

Since all windings are stationary and 
readily 
contained 


coil windings excita- 


than conventional machines. 
cooled, and there are no recti- 
hers the 


high-temperature operation is readily 


within machine, 
accomplished. 

The Secsyn principle has been suc- 
cessfully applied to produce a-c gen- 
erators, synchronous motors and, with 


external rectifiers, d-c generators, in 
each form demonstrating definite ad- 


vantages in performance. O 
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Fig. 2—A 
slip rings. 


secsy 


IN HIGH-SPEED 
“double headin 
common 


causes of 


n roter (right) 


Proximity Coil 
Protects 
Punch-Press Dies 


punch-press operation, 
the most 
die damage. This 


one of 


g” is 


is when the press attempts to punch 


a second part 


has completely 


double 


control 


prevent 


Savel 


il 
ty} 


| 


IOKIIIIIK 

XXX XXXXY 
| 

JOA 


| 
| 


Fig. 1 


predec essol 
the die. To 
» heading, the “Die- 
(developed by the 


before its 
cleared 


compared with a 


conventional wound rotor with 


Robotron Corp., Detroit) uses a proxim- 
ity coil device to detect the successful 
ejection of a part. In the event a part 
is not ejected during a pre-set portion 
of the machine cycle, the press shuts 
down. 

Heart of the control is a barely stable 
vacuum-tube The 
proximity coil supplies the inductance 
of the tuned circuit. Normally, the os- 
cillator produces a fixed-amplitude 200 


oscillator, Fig. ais 


ke signal. But when a stamped part 
passes through the coil, eddy currents 
are induced in the part. This removes 
energy from the tuned circuit and the 


output amplitude is momentarily re- 


SUL 


Tube blocks 
ot about 
-2 volts 


Bias on shield 


Charge on 1C copacitor- 


Simplified schematic of “Die-Saver” control. For relay 1CR to remain energized, 


a part must pass through pickup coil during each time interval determined by setting 
of potentiometer 2P, corresponding to length of press cycle. 
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EVERYTHING UNDER CONTROL 


up to a amperes with selected units 


Series 1005-1-1 


Series 1005-1-2 Series 1005-2-3 


GUARDIAN 


Series L|OOS RELAY 
micro-miniature 
Ideal for Industrial and Military Applications 
Here you see five versions of Guardian's famous Series 1005 hermetically 


sealed micro-miniature relay. Reading the following facts will help you 
evaluate their superior physical and electrical characteristics: 


@® Series 1005—Available with 5 AMPERE contacts for 50,000 operations 
(min.) at 125° C., or 100,000 operations (min.) at 25° C., upon specifica- 
tion. Standard rating is 3 amperes at 125° C. non-inductive, 28 volts 


D.C. Applicable to MIL-R-25018 and MIL-R-5757-C specifications. 


@ Fluxless Sealing—A Guardian first! Eliminates cost of flux materials 
and the time required to apply it. Coil lead splices are the only internal 
connections using solder. Guardian's new exclusive fluxless solder 
sealing, in addition to use of non-gaseous materials, makes this relay 
adaptable to low energy level switching. 


Series 1005-2-5 


—— @ Tested and Proved—Series 1005 operates on currents as low as 10 
sl microamps at switching voltages of 30 millivolts with a minimum life 
Series 1005-3-4 expectancy of 1,000,000 operations. We Invite Your Inquiry. 


Visit Guardian's Booth No. 3632 at 1959 WESCON SHOW 


GUARDIAN 7 ELECTRIC 


MANUFACTURING COMPANY 
1627-J W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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DESIGN TRENDS 


Fig. 2—Die-Saver mounted on punch 


press. Parts ejected by press are sucked 
through tube by air injectors (left) 
after being detected by pickup coil 
(right). 


duced. The voltage decreases across 
capacitor 9C (Fig. 1), and when this 
voltage dip is amplified by tube IV, 
a positive voltage pulse is applied to 
the grid of timing thyratron 2V. When 
tube 2V fires, it continues to conduct 
until capacitor IC is fully charged. 

Tube 3V, which controls relay 1CR, 
has a negative bias on its screen grid 
to prevent its firing until capacitor 1C 
is sufficiently charged to drive the con- 
trol grid positive. Then 3V fires, the 
relay is energized and its contacts 
close to energize the press solenoid. 
Capacitor 1C now discharges through 
variable resistor 2P until the negative 
bias on the screen grid of 3V blocks 
the tube. This is the timing function. 

Thus, the passing of a part through 
the detection coil causes the relay to 
close and remain energized for a pre- 
set length of time, as determined by the 
setting of 2P. This setting is typically 
a few cycles longer than the time per 
press revolution and can be adjusted 
to cover press speeds from 30 to 500 
operations per minute. As long as an 
electrical impulse is received during 
each timing interval, tube 3V will con- 
tinue to conduct and the press solenoid 
remains energized. If a part is not 
detected during the time interval, tube 
3V will cut off, deenergizing relay 1CR. 

A variety of different size and shape 
pickup devices has been designed to 
accommodate various size parts. Also, 
the grid resistance of tube JV is vari- 
able to permit adjusting for effects ot 
nearby metal masses. 

To ensure positive removal of small 
parts upon ejection from the die, an 
air injector can be used, Fig. 2, to 
suck parts through a plastic tube on 
which the pickup coil is also mounted. 

OO 


Instrument Bearings Marked 


\ DIFFICULT PROBLEM in the manufac- 
ture and use of tiny ball bearings is the 
provision of means of visual identifica- 
tion. In such bearings, the inner and 
outer rings do not allow much room for 
markings. New Hampshire Ball Bear- 
ings, Inc., has solved the problem in 
a simple but effective manner, Sets of 
double lines, either 120 deg or 180 
deg apart, applied to one face of the 
outer ring can provide at least essential 
information. The presence of the mark- 
ing at either angle indicates that the 
bearings are made by this firm and 
that they are Class ABEC 7 or better 
dimensional tolerances. The marks at 
180 deg designate bearings made of 
chrome steel, whereas the 120 deg marks 
are used on stainless steel bearings. 
The new marking method was _ intro- 
duced only after careful analysis proved 
that it produces no change in bearing 
dimensions, creates no distortion or 
destruction of surface finish, and does 
not affect mountings or performance of 


mn 


the bearings. 


Stainless Steel Improves Reliability 


THE RELIABILITY AND PERFORMANCE of 
small industrial, commercial and preci- 
sion switches have been improved by 
fabricating certain parts of 17-7 PH 
stainless steel (Armco Steel Corp.) 
rather than a non-ferrous material. The 
switches are made by the Acro Division 
of Robertshaw-Fulton Controls Co., 
Hillsboro, Ohio. The  precipitation- 
hardening stainless steel is used in 
blades and _ patented 
springs. The mechanical life of one 
part, for example, was increased from 
30,000 to 30,000,000 cycles. 

Using the 17-7 PH stainless steel in 
a heat-treated condition, the following 


center rolling 


characteristics were obtained: 


Ultimate tensile strength 220,000 psi 


Tensile yield strength 190,000 psi 


Fatigue strength 
(approx, at 107 cycles) 85,000 psi 
Corrosion resistance is superior to that 
of the hardenable chromium grades of 
stainless steels. 

Parts requiring extensive fabrication 
can be easily formed from annealed 
17-7 PH, then hardened to high strength 
and hardness by heat treatment. Where 
even greater strength is needed, 17-7 
PH Condition C (as cold-rolled) sheet 
and strip can be heat treated to a 
typical ultimate tensile strength of 265.,- 
000 psi. o0° 


Reliability of switches is improved by making small parts of stainless steel. 
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; a: An exciting new and secret project: ' 
F ascinauing dubbed “operation buzz nut” by 


plant and office employes is now — 


| F, astener revealed as a unique and fascinating — 


idea in fasteners—-MacLean-Fogg’s 
ive new Whiz-Lock. aaa 


the 


\ fee 


STARTLING RESULTS 


Out of M-F research and development labs has come a lock 
nut that has amazed even those who first conceived it. A 
free-spinning surface-bearing lock and tension nut which 
surpassed expectations even in the earlier models. 

The Whiz-Lock principle (an entirely new concept in 
fastening) has been a well-kept secret for over a year. 
Now patent applications are in—and this startling device 
is ready for designers, engineers and production men to 
uncover new properties and uses for this amazing fastener. 


Whiz-Lock was released only when its design 

was capable of precision manufacture on con- 

ventional machinery. Thus Whiz-Lock is NOT a 
’ premium-priced nut! 


| ON-and-OFF-TORQUE TORQUE-TENSION 
THE CURVE of the TEETH } RATIO CHART 


UNIFORM TORQUE-TEN- 
SION HIGHEST ‘‘BREAK- 
LOOSE" TORQUE 


THE ANGLE of the BASE 


/ EFFICIENT on ANY SURFACE 
/ (even depressed side of 
/ punched holes) INITIAL CON- 
TACT and LOCK IMMEDI- 
ATELY NEXT TO SCREW or 
BOLT HOLE ALL LOCKING 
STRENGTH WITHIN NUT 
CIRCUMFERENCE 


Se 


Try this amazing Whiz-Lock .The unequalled locking ability of the 7 "ae a 
test for yourself! Whiz-Lock is only one of its many # penne aoe oe 
Apply, a common nut with as much advantages to designers, engineers NOTE the excellent torque-tension and 


torque as you can. Torque to release ms as ” ° ° 
ft doesn't even reach application and production men. apply and release"’ ratio of the M-F Whiz- 


torque. 

Now spin on a Whiz-Lock, tighten 
—and try to break it loose! (Cau- 3 
tion: do not attempt on glass-top —uniform torque tension * Highest release torque to 
or light-weight desks.) application torque * Low cost 


* One piece * Free spinning * Very high tension * High Lock in both tests. 
strength—heat treated * High re-useability * Consistent 


For oversize holes or wherever flange use is | SEND FOR BROCHURE... information on sizes 


indicated, the same WHIZ-LOCK principle is and dimensions...M-F Whiz-Lock Nui!s and 
available in flange nuts and screws. Screws and M.-F Flange Nuts and Screws 


MACLEAN-FOGG LOCK NUT COMPANY 


5535 N. Wolcott Avenue « Chicago 40, Ilil.e EXDgewater 4-8420 
IN CANADA: THE HOLDEN CO., LTD., MONTREAL 
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DESIGN TRENDS 


Epoxy Embedment 
of Three-Phase 
Transformers 


E. N. HENRY, Supervising Engineer 
Specialty Transformer Department 
WESTINGHOUSE ELECTRIC CORPORATION 
Greenville, Pennsylvania 


THREE-PHASE TRANSFORMERS using the 
principle of resin embedment of the 
core and coils are now being produced 
by Westinghouse Electric Corporation, 
Greenville, Pa., in 9- and 15-kva 
ratings with class 5-kv_ insulation. 
The embedment compound is epoxy 
filled with electrical 
grade silica sand. 

The new design, type EPT, allows 
free convection cooling of the center 


resin, heavily 


core and coil assembly, and is smaller 
and easier to install than similarly 
rated units previously available. 

The transformer consists of three 
single-phase units arranged parallel 
within a rectangular sheet-metal case. 
This is similar to the arrangement pre- 
viously used for the air-insulated and 
cooled dry-type unit. Inside the case, 
vertical compartments or chimneys are 
formed with sheet metal inserts welded 
to the case wall and cover. These 
chimneys, or air ducts, restrict the resin 
mixture to the immediate vicinity of 
the core and coils. Louvers in the case 
walls open only into the air ducts, the 
bottom ends of which are freely 
drained. The base of the transformer 
has screened openings to permit air 
flow through the chimneys to cool the 
interior of the transformer. This equip- 
ment operates at a temperature rise 
of 80 C. The air ducts also displace 
the filled resin, reducing the gross 
weight of the transformer. The new 


design occupies only about 50 per cent 
of the volume of previous air-cooled 
units. 

The entire bottom of the transformer 
case is a terminal chamber with knock- 
outs for conduit entrance from three 
sides and the bottom. The bottom is 
made in two pieces. One portion re- 
mains fixed to contain knockouts while 
the other is removable for ready access 
in making connections. 

This design has many advantages: 


¢ reduced insulation clearances, re- 
sulting in smaller size 


better heat elimination and dis- 
sipation 


more rugged construction 


increased insulation life due to 
exclusion of air with its aging 
effect at operating temperatures 


increased resistance to moisture 
and contaminating atmospheres 


decreased noise level from mass 
concentration and the elimination 
of free panels. IOO 


Molybdenum Disulfide 
Filled Nylon in 
Overspeed Governor 


MOLYBDENUM-DISULFIDE-FILLED nylon is 
being fabricated by the Polymer Cor- 
poration of Pennsylvania, Reading, Pa., 
into an actuating plunger for over- 
speed governors manufactured by Syn- 
chro-Start Products, Inc., Skokie, IIl. 
Choice of this material, called Nylatron 
GS, lay in its superior wear resistance 
and dimensional stability. 

The governors employ a basic fly- 
weight principle to trip a switch when 
operating speeds of equipment increase 


to dangerous proportions. The weight 
assembly rotates with the drive shaft. 
The Nylatron GS actuating plunger, as 
a part of this assembly, rests on a 
steel guide pin. When critical speeds 
are attained, the weights are forced 
outward by centrifugal force and the 
weight cams raise the plunger ver- 
tically on the steel guide pin. The 
plunger thus makes contact with the 
switch actuating button to trip the 
switch and stop the rotation of the 
equipment. 

In preliminary designs plungers of 
cold-rolled and_ stainless steel were 
tested in contact with plain and chrome- 
plated steel guide pins. Fretting cor- 
rosion caused by the metal-to-metal 
contact at speeds up to 5000 rpm made 
these designs unsatisfactory. 

Plungers of unfilled nylon were then 
tried with cold-rolled 
steel pins. The nylon, in contact with 
the metal, eliminated the fretting cor- 
condition. However, it failed 


chrome-plated 


rosion 


Cutaway view of overspeed governor 
showing molybdenum-disulfide-filled ny- 
lon actuating plunger. 


Properties of Molybdenum-Disulfide-Filled Nylon* 


ASTM | Nylatron Nylon 


Property Units method GS 101 
12,300 | 
575,000 400,000 
| D790-49T | 18,000 13,800 


D256-54T | 0.62! 0.94 


11,800 


Tensile strength, 73 F 
Modulus of elasticity, 73 F | psi 
Flexural strength, 73 F | psi 
Impact strength, Izod, 73 F | ft Ib/in. 
Heat distortion temperature, 66 psi | deg F 4 D648-45T 450 | 360 
264 psi | deg F D648-45T | $25 200 
Coefficient of linear thermal expansion | in. /in./ D696-44T | 3.5 X1075 5.5 x 10° 
| deg F | 
Electric strength (short time) | volts/mil| D149-55T | 356 | 385 
+ Water absorption | per cent | D570-42 | 1.3] 1.3 
Coil Color | grey to black| buff white 
| | | metallic 


psi | D638-52T 
D638-52T 





compartment 


Cutaway view of three-phase transformer 
showing structural characteristics of resin 
embedment. 


* Courtesy Polymer Corporation of Pennsylvania. 
The above property listings are typical averages and will vary for different stock sizes as well as specific 
processing conditions. They should therefore be used only as a general guide and not for specification purposes. 
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HERE’S WHY.. 


HURLETRON 
DC PRINTING 
PRESS DRIVE. 


“Years of ex- 

perience with 

Bodine Motors 

in critical 

applications 

... plus the 
service of the Bodine Organi- 
zation, gives us assurance of 
satisfactory performance." 
—Electric Eye Equipment 
Company. 


BECKMAN ANALYTICAL IN- 
STRUMENTS. ‘Bodine Motors 
are used in several of our pre- 
cision instruments where criti- 
cal specifications must be met 
and maintained. Twenty-four 
hour operation of our prod- 
ucts is commonplace.’ —Beck- 
man Scientific and Process 
Instruments Division. 


3500 Standard Motors... 


SEEBURG SELECT-O-MATIC. 
“We require a motor that is 
quiet and free from vibration 
...and gives years of unin- 
terrupted service in the field. 
Bodine Motors have satisfied 
all of these requirements for 
years.’’—M. W. Kenney, 
director of engineering, The 
Seeburg Corp. 


KAY-CROSS OXYGENATOR. 
“The oxygenator must be of 
the utmost reliability since it 
takes the place of the lungs 
during critical surgery. We 
chose a Bodine Motor because 
of the high quality standards 
required. They have satisfied 
our needs very nicely.’ — 
Pemco, Inc. 


300 Stock Motors 


When you're developing a new or improved 
product, consult a Bodine motor application 
engineer. One of Bodine’s 3500 standard 
motors is almost certain to suit your exact needs. 
And 300 different types and sizes are carried 
in stock... ready for immediate shipment. 
Request Bulletin S-1 or see our catalog in 
Sweet's Product Design File. 


Bodine Electric Company, 


The leading manufacturers in their field 
power their products with Bodine Motors 


REMINGTON RAND AUTO- 
MATIC CALCULATORS. ‘‘We 
require a motor with a high 
torque for its size. Bodine 
Motors meet this requirement 
without excessive temperature 
rise... and they're excep- 
tional for reliability and per- 
formance." — B. H. Tingley, 
development engineer, Rem- 
ington Rand. 


GRASS OSCILLOSCOPE RE- 
CORDING CAMERA. ‘‘The 
Bodine Motor you designed 
for us far exceeds the perform- 
ance of a competitive motor. 
We have used Bodine Motors 
for 24 years...and many 
motor application problems 
have been solved with the aid 
of your engineers."’—Grass 
Instrument Co. 


Other applications for Bodine Motors: 


cot le A | NI al vending machines, communication 


fractional 


equipment, sound recorders, auto- 
matic scales, respirators, voltage 


horsepower regulators, X-ray timers, traffic sig- 


2506 West Bradley Place, Chicago 18, Illinois 


AUGUST 1959 
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nal timers, stirrers, sanders, letter 
openers, envelope sealers... plus 
many, many other applications. 


...the power behind the leading products 
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DESIGN TRENDS 


due to creep of the nylon which nar- 


rowed the plunger bore, causing ex- 


cessive friction and erratic operation. 


| Design Note 


Nylatron GS, with a modulus of 
elasticity almost 50 per cent greater 
proved rigid 


than standard nylons, 


enough to prevent permanent creep. 
Also, its low coefficient of linear ex- 


pansion (65 per cent of unfilled nylon) 


eliminated any thermal growth prob- 
lem. Compared to Nylon 101, it has 
greater rigidity, better dimensional sta- 
bility, a lower coefficient of friction 
and higher wear resistance in many 
applications. O00 


Pickoff Outputs in Dynamic Testing 


SEYMOUR N. WASSERMAN 

Boston Division 

MInNEAPOLIS-HONEYWELL RecuLator Co. 
Boston, Massachusetts 


IN THE DESIGN and testing of pickoffs 
for gyros and accelerometers, it is 
customary to deal only with static 
behavior. In actual use, however, these 
pickoffs operate under dynamic condi- 
tions. A pickoff is used to produce an 
electrical signal proportional to the dis- 
placement of a gyro gimbal or acceler- 
ometer mass. Two types of pickoffs will 
be discussed: the potentiometer and the 
Microsyn. The motion of a_ potenti- 
ometer slider (shaft) or Microsyn rotor 
is referred to as the “pickoff input.” 
The voltage applied across the potenti- 
ometer or to the Microsyn primary is 
the “excitation.” The “output” is the 
electrical signal hetween one side of 
the potentiometer and the slider or on 
the Microsyn secondary, and is propor- 
tional to the input. 
D-C Potentiometers. Potentiometers 
excited by d-c are connected as in 
Fig. 1, where the output is always 
of the same polarity, or as in Fig. 2, 
where the polarity can reverse. For the 
two cases, the respective outputs are 


Ry 
R, + Ree 
Ra 
2, +h I: 


In Eq (1). is zero when R 
and in Eq (2). E 


is zero when R, 


Fig. 1—Potentiometer pickoff with d-c 
excitation. 





Fig. 2—Potentiometer pickoff with center- 
tapped d-c excitation. 


156 


R.,. Since R, + R 


may be written 


is constant, Eq (1) 


E : (3) 


It is apparent, then, that the output is 
the product of two factors: a function 
of shaft position and a function of 
It is sometimes helpful to 
think of potentiometers as multiplying 


excitation. 


devices wherein the excitation is multi- 
plied by the shaft position; they are 
used in this way in analog computers. 

If a potentiometer shaft is coupled 
to a rate gyro gimbal, the voltage out- 
put is proportional to gimbal deflection 
which, in turn, is proportional to the 
gyro input (angular rate). The pickoff 
can be calibrated so that the gyro input 
rate can be determined from the poten- 
tiometer output voltage. When a gyro 
is tested on a frequency response ana- 
lyzer, the pickoff output is a_ time- 
varying function. In such tests, the 
gyro gimbal oscillates sinusoidally and 
the potentiometer output is a sine wave. 
The gimbal deflection, a function of 
time (Fig. 3), varies continuously and 
the parameter of interest is usually the 
peak, or maximum, output voltage. A 
peak-reading voltmeter may be used to 
measure the output but usually it is 
easier to calibrate an oscilloscope so 
that peak voltages may be obtained 
from the trace. 


A-C Excited 


a-c excited 


Potentiometer. The 
potentiometer is usually 
excited through a center-tapped trans- 
former as shown in Fig. 4. The output 
voltage may be expressed: 

R a 


E RL +R 


) Ee, Sin wt (14) 


E, =f( En sin of (5) 


where f(t) describes the resistance 


ratio ¢ R ) as a function of 
R, R 


time which in turn is proportional to 
shaft position. The output is at a null 
when R, R.. Moving the potentiom- 
eter shaft through this position shifts 
the output through 180 deg. 

If the shaft position is not a time- 
varying function, the pickoff output is 
a constant-amplitude sine wave at the 
excitation frequency. If the shaft posi- 
tion is a time-varying function, the 
output is more complicated. In most 
laboratory tests the time-varying fune- 


tion is sinusoidal. Thus the pickoff 
output is the product of two sinusoids: 
the excitation voltage and the shaft os- 
cillation function. This results in a sup- 
pressed - carrier, amplitude - modulated 
voltage (Fig. 5) so called because the 


Gimbal motion 8m 
. beg 


displacement = 
sin wt 


Fig. 3 
gimbal. 


where f(t) describes shaft position 
as a function of time. 


Potentiometer with a-c excitation. 


Pickoff input 
Time 

MAM AAAI atta 
AEE AOE AE 


Pic 


Output 
180° phase-shift points 


Fig. 5 Suppressed-carrier modulated 


voltage. 
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You have no 


PCM FEY 


MU m (U8) 


POWDER CORES 


From the smallest to the largest on the market, Arnold leads 
the way in offering you a full range of Molybdenum Per- 
malloy powder cores for greater design flexibility . . . from 
0.260’’ O.D. to 5.218’’ O.D. 

As long ago as 1953, Arnold pioneered and developed 
for production use the small “Cheerio’’ core illustrated 
above. Today, hundreds of thousands of Arnold ‘‘Cheerio” 
cores are filling the requirement for miniaturization in cir- 
cuit design in industrial and military applications. Even 
smaller sizes have been developed by Arnold’s continuing 
research and are now available. 

Arnold also is the exclusive producer of the largest 125 
Mu core commercially available. A huge 2,000 ton press 
is required for its manufacture and insures its uniform 
physical and magnetic properties. This big core is also 


For more information write for Bulletin PC-104C 


Lists complete line of Mo-Permalloy Powder cores ... available in 25 
sizes from 0.260” O.D. to 5.218” O. ‘ ished also with variou 
types of temperature stability from ” unstabilized to Type 
“W" stabilized over the temperature range of 65° F. to +185° F., 


ADDRESS DEPT. Em-98 


AUGUST 1959 


offered in the other three standard permeabilities of 60, 26 
and 14 Mu. 

Most core sizes can be furnished with a controlled tem- 
perature coefficient of inductance in the range of 30° F to 
130° F. Many can be supplied temperature stabilized over 
the wide range covered by the MIL-T-27 specification of 
—55° Cto +85° C... another of the special features that 
only Arnold provides. 

Graded cores are available upon special request, and all 
popular sizes of Arnold Mo-Permalloy powder cores are of 
course produced to an inductance tolerance of + or — 8%. 

Let us handle a// your magnetic core and permanent mag- 
net requirements from the most extensive line in the indus- 
try. e Address The Arnold Engineering Company, Main 
Office and Plant, Marengo, Illinois. 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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DESIGN NOTE 


output signal does not contain the 
carrier frequency. If the excitation volt- 
age is E, COS wrt and the shaft oscilla- 
tion function is 6,, cos wt, the output 
voltage is 

E, (E, cos wyt) (Om Cos wt) (6) 


Multiplying out the right side and using 
the trigonometric relation 


cosx cosy = %[cos(x+y) + cos(x—y) | 


E, Ep On ate Ach 
™ Cos(w,p — w) lt] (7) 
Note that Eq (7) does not contain 
the excitation frequency but consists 
called sidebands. 
The frequency of one sideband is less 
frequency by an 


of two separate waves, 
than the carrier 
amount equal to the modulation fre- 
quency, while the 
other is mo.e than that of the carrier 
Although the 
sidebands have been shown to exist 
mathematically. they should not be con- 
sidered a mathematical fiction because 


frequency of the 


by the same amount. 


they actually do exist. The sinusoidally 
modulated carrier wave shown in Fig. 5 
is the sum of two sinusoids of different 
frequency and is not itself sinusoidal. 

Figure 6 shows the addition of two 
sine waves of different frequencies, the 
result being a wave whose amplitude 
varies at the beat or difference fre- 
For example, 
eter is excited by a 400-cps source and 
its shaft is oscillated at 20 cps, the 
output is the sum of two sine waves, 
one at 380 cps and the other at 420 cps. 
The amplitude of the output will vary 
at 40 cps. 

In laboratory tests the pickoff null 
may not coincide with the equilibrium 


quency. a potentiom- 


position determined by the gyro (or 
accelerometer) restraining spring. In 
this case, the pickoff output appears as 
Fig. 7 and the peak-to-peak amplitude 
is the distance from the top of the 
major peak to the bottom of the minor 
peak. This wave shape is not a modu- 
lated, suppressed carrier wave but a 
modulated carrier with more than 100 
per cent modulation. If we consider 


that the potentiometer shaft deflection 


AA AAAARAAAAL 


WOH 


f\ 
Hn /\ 
|v 


Fig. 6—Addition of two sine waves of 
different frequency. 
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at the equilibrium position is @,, the 
shaft position as a function of time is 
LO = & + On cos wl (8) 
and the output is 
= (EF, cos wel) (6; + O, cos wl) (9) 
This can be multiplied out to: 


: ; E, Om 
E. = 6, E, cos wl T P. 


+ w) tl + cos (wp — w) t} (10 
Note that this voltage does contain the 
excitation frequency as well as the two 
sidebands. 

A better understanding of the result- 
ing output wave shape may result from 


[cos (ws 


considering a phasor diagram, Fig. 8, 
which contains three phasors: the car- 
rier rotating at a frequency Wp, and two 
sidebands, one rotating at a frequency 
(w, + w) and the other at a frequency 


(w, — w). If the plane on which the 


Senrom is drawn is rotating at the 
the phasor rep- 
resenting the carrier frequency will be 
fixed and one sideband phasor will 
rotate in a clockwise direction at a 
frequency of w while the other rotates 


excitation frequency w,, 


counterclockwise at the same frequency. 


To correspond to the waveshape of 
Fig. 7, the 
should be smaller than the sideband 
Plotting the sum of these 
three as a function of time gives the 
envelope of the modulated wave which 
is the pickoff output. 

Microsyn Pickoff. 
a-c excited 


carrier-frequency phasor 


phasors 


The output of an 
Microsyn is similar to 
that of an a-c potentiometer. For a 
steady-state input. the output appears 
on an oscilloscope as a sine wave of 
constant amplitude at excitation fre- 
quency. For a time-varying input the 
output is an induced voltage and con- 
sequently is a suppressed carrier wave 
similar to that of the a-c potentiometer. 
However, with a sinusoidal input, the 
potentiometer output is the product of 
two sinusoids whereas the Microsyn 
output is the derivative of the product 
of two sinusoids. The suppressed car- 
rier output of the Microsyn therefore 
does not have sidebands of equal am- 
plitude. 

The Microsyn output for sinusoidal 
input is 


a= Ae (a +5) 


sin(w, — w) t | (1) 


where 


e, = secondary output 

Kk. = constant 

®p = primary excitation frequency 

» = pickoff rotor oscillation frequency 

When the gyro (or accelerometer) 
mechanical null is not aligned with the 


pickoff null, the 


similar to the a-c potentiometer output 


Microsyn output is 


Gimbol 


deflection Amplitude 


y Pickoff null 
Cw oe : position 





0 





\ 
~ 180° phase shift 
Demodulated 
output 
+ 


0 





Fig. 7—Pickoff output when mechanical 
equilibrium position and pickoff null do 
not coincide. 


Plane of sketch is 
rotating at a frequency 
Wp as shown 


Fig. 8—Phasor diagram of carrier and 


two sidebands. 


described above. The expression for the 


then is 


Bn ; is 
K di f(t) sin w,t (12) 


If f() 1 + 6, sin wl, 


output voltage 


d ; . 
7 (CA + Om Sin wl) sin wpft] (13) 


ali 
Differentiating: 


es Kz [Op CCS wpl + 8,, (w, Sin wl 
COS wpl + w sin w,f Cos wl)| (A) 


which can be reduced to 


A 


A » A; wp COS w t 


Ke : = ) sin (w 
( < ) sin (wy = @) ‘Jas 


Note that while Eq (11) contains 
only the two sidebands, Eq (15) con- 
tains an excitation frequency c _— nt 
as well as the sidebands. 
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Instrument 
parts 

and 
packages... 


by 
Bulova 


Men, machines and know-how —this is the make-up of Bulova’s instrument manu- 
facturing group. A completely separate facility employing manufacturing engineers, 
quality control teams, production, assembly and test personnel, standard machine 
tools, custom and Bulova-built equipment. 


These special skills and facilities, working in close-knit unison, promise delivery 

of reliable products crafted to customer specifications and budgets... whether G LOVA 
individual parts or complete packages. 

Experience in precision design and precision manufacture is the Bulova tradition, 

the Bulova capability. It has been for over 80 years. For more information write — 


© 
Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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Economical, Service-free 
RBM series 128000 


POTENTIAL TYPE MOTOR STARTING RELAY 


A highly efficient, dependable relay for 
Starting single phase capacitor type 
motors, where use of centrifugal switch 
is impractical. Normally closed contacts 
disconnect start capacitor from Circuit at 
desired switching speed. Standard con- 
tact arrangement is single pole normally 
closed. Listed by U/L File No. SA 1984.. 


MEETS STRINGENT REQUIREMENTS OF COMPRE SSOR, 
MOTOR, PUMP, A/R CONDITIONING MANUFACTURERS 


BENEFITS 
GENERAL PURPOSE 
SHUNT TYPE RELAY 
SERIES 129000 


EXTRA NORMALLY OPEN ADJUSTMENT BY 
CONTACTS (SP08) AVAILABLE FLUX SHUNT” /N 
FOR SEQUENCE STARTING MAGNETIC C/RCUIT 


| SB \ 
Sl INCORPORATES AiL 
i wo \S> 128000 FEATURES, EXCEPT 


" 
NO CURRENT AVAILABLE WITH OPERATING COILS ARE 
COVER HELD FIRMLY CARRYING RIVETS SCREW OR QU/CK DESIGNED FOR STANDARD 


BY 2 SCREWS /N CONTACT CIRCUIT CONNECT TERMINALS COMMERCIAL VOLTAGES. 
(OTHER COILS AVA/LABLE 


FOR SPECIAL APPLICATION), 
CONTACT RATINGS /8 AMP 
AT 250V. OR /HP-/25y¥. 

SINGLE PHASE; 2 H.P-250V. 

LARGE DOUBLE BREAK SINGLE PHASE . L/STEDBY 

CONTACTS.POSITIVE BALANCED VARIETY OF MOUNTING Y FILE NO. E-/2/39, 

HAMMER BLOW ACTION BRACKETS AVAILABLE 


oa et, ae 


t Your Loca/ RBM Product Application Engineer or Write For Bulletin 1010A 


Wey, RBM Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


Factories Located at Peru, North Manchester and Logansport, Indiana 
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Association Activities 


Human Engineering Conference 


The Seventh Annual Human Engineer- 
ing Conference, sponsored by the Office 
of Naval Research, will be held on 
September 15 and 16 at Hughes Air- 
craft Co., Culver City, Calif. The con- 
ference this year will be of the general 
pattern of last year’s Ann Arbor meet- 
ing. It will be built around a nucleus 
of four panels on subjects of current 
and general interest. Small informal 
group conferences will be arranged for 
discussion of topics of less general in- 
terest. 


Engineering Writing and 
Speech Symposia 
The 


Professional 


IRE 
Engineering 
Writing and Speech will be held simul- 
taneously in 


annual symposium of the 


Group) on 
Boston and Los Angeles 
with sessions on September 17 and 18, 
1959. Programs of both symposia will 
be directed toward the interests of the 
engineer and his professional writing 
and speaking problems, rather than 
toward editorial aspects. Subjects will 
include techniques of efficient writing. 
the writer-reader communications prob- 
lem. and oral 


effective presentation. 


Human Factors Society Meeting 


The meeting of the Human 
Factors Society will be held on Septem- 
ber 17 and 18 at the University of 
California at Los Angeles. For details 
of the meeting John 
Engineering, 
Angeles 


annual 


write to Dr. 
Lyman, Department of 
University of 


24. 


California, Los 


Papers Sought for Solid-State 
Circuits Conference 


The Annual 
cuits Conference, sponsored by AIEE, 
IRE and the University of Pennsyl- 
vania, to be held in Philadelphia Feb- 
10-12, will deal with circuit 
properties, circuit philosophy, and de- 
related to 


Seventh Solid-State Cir- 


ruary 


sign techniques solid-state 
devices. 
Papers are sought in the following 
areas: microcircuit techniques for im- 
proved speed or utilization of volume, 
weight, cost and increased reliability; 
solid-state devices performing an_in- 
tegrated or alterable circuit function 
i.e., counting, translation, ete.; signifi- 
cant contribution to art in flexibility, 
bandwidth, gain, stability, reliability, 
etc.; solid-state 


memory, storage and 


logic devices such as thin films, multi- 
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aperture magnetics, twistors, optoelec- 
trics, ete.; significant contribution to 
solid-state microwave electronics such 
as parametric amplifiers, masers, para- 
solid- 


state electronics for memory, logic 


metrons, etc.; low-temperature 
i.e., cryoelectrics. 

Abstracts of 300 or more words ex- 
plaining the nature of the original 
contribution, its significance, theoreti- 
cal and experimental results should be 
mailed no later than October 9, 1959 
to: Tudor R. Finch, Chairman, Pro- 
gram Commit’ 2e, 1960 Solid-State Cir- 
cuits Confe, » e, Bell Telephone Lab- 
oratories, Inc., Murray Hill, N. J. 


R-F Electromagnetic Radiation 
Hazard Study Recommended 


National standardization in the field of 
radio-frequency electromagnetic radia- 
tion hazards has been unanimously re- 
commended as a project for the ASA 
at a general conference held in New 
York in May. A proposal made by the 
Bureau of Ships, U.S. Department of 
ASA call the 


conference, attended by 30 representa- 


the Navy. requested that 


tives, 


AIEE Raises Members to 
Grade of Fellow 


The Institute of Electrical 
Engineers has elevated the following 
Fellow, the  Institute’s 


American 


members to 
highest grade: 

Henri Busignies, president, ITT Lab- 
oratories, Nutley, N.J., for “contribu- 
tions in the fields of electronic direc- 
tion finding, air navigation. radar and 
radio communications.” 

James P. Dallas, supervisor, Jackson 
& Moreland. Inc.. for 
the development of 
ment for aircraft.” 

William C. Dowling. Jr.. assistant 
chief Sagamo Electric Co.., 
for “contribution to the development 
of the thermal converter.” 

Carl W. Diehl (deceased), consult- 
ing engineer, Westinghouse Electric 
Corp.. Sharon, Pa., for “contributions 


“contribution to 


electrical equip- 


engineer, 


to the design of equipment and _pro- 


cedures for testing distribution and 
power transformers.” 

John L. Fuller, director of engineer- 
ing, Marquette Div., Curtiss-Wright 
Corp., Cleveland, Ohio, for “contribu- 
tions to design, controls, and testing 
of electrical power equipment.” 

William R. Hewlett, executive vice 
Hewlett-Packard Co., Palo 


Alto, Calif., for “technical and admin- 


president, 





Consult 


Your Local 


Essex Product 


/ Application 


é 


Engineers 


They can be your 


design assistants on other 


Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 


including HPN. 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, lil. ® 


GENERAL 
PURPOSE 
RELAY 


The basic reloy and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been “customerized” to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your “back door” cost. 


Write for Bulletin 1060 
R-B-M Controls Div., Logansport, Ind. 


WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, ind. 
Rad @ 


PROOUCTS 


ESSEX 
WIRE 


CORPORATION 





WHICH 
PRESSBOARD 
INSULATION 
IS BEST? 


Full Line of Low-Cost West Virginia 
Boards Simplifies Selection 


Uniform quality, higher dielectric 
characteristics and wide choice of 
thicknesses make these boards 
outstanding money savers for 
cost-conscious design engineers. 


PRESSITE 


For Air... Oil... Askarel Transformers. 
An absorbent, unsized board of 100% 
virgin kraft stock free of metallic parti- 
cles. Excellent dielectric, physical and 
chemical properties. Thicknesses: .031" 
to .250". Color: natural kraft. 


ELECTRITE 


Harder Board for Variety of Punchings. 
A high grade board treated with natural 
rosin size for moisture resistance. High 
tensile strength. Punches clean. Thick- 
nesses: .031" to .250". Two colors: brown 
and black. 


DENSITE 


Extremely Hard Board . . . Sized or Un- 
sized. Used by many manufacturers to 
replace more costly types of insulation. 
Thicknesses: .031" to .125". Color: 
natural kraft. 


Write: Board Products Sales, West 
Virginia Pulp and Paper Company, 
230 Park Ave., New York 17, N. Y. 


| 


West Virginia | 
Pulp and Paper 
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Calendar of Meetings 


August 9-12--3rd National Heat 
Transfer Conference, sponsored by 
ASME and AIChE, University of 


Connecticut, Storrs, Conn. 


August 17—Ist National Ultrasonics 
Symposium, sponsored by IRE, San 
Francisco. 


August 18-21 ——WESCON, Cow 


Palace, San Francisco. 


August 23-26—AIEE 6th Electrical 
Conference of the Petroleum Indus- 
try, Wilton Hotel, Long Beach, 
Calif. 


Sept. 2-4 — Cryogenic Engineering 
Conference, University of California, 
Berkeley, Calif. 


Sept. 14-18—General Assembly of 
the International Federation — of 
Automatic Control, Edgewater Beach 
Hotel, Chicago. 


Sept. 15-16—-7th Annual Human 
Engineering Conference, 
by the Office of Naval 
Hughes Aircraft Co., 
Calif. 


Sept. 17-18 Annual Human Fac- 
tors Society Meeting, University of 
California, Los Angeles. 


Sept. 17-18 IRE 
Writing and Speech 
Boston, Mass., and 
D. C. simultaneously. 


Sept. 20-25 Instrument 
of America, annual conference and 
exhibit, Chicago amphitheater, Chi- 


cago. 


Sept. 21-22-—Standards Engineers 
Society, annual meeting, Hotel Som- 
erset, Boston, Mass. 


sponsored 
Research, 
Culver City, 


Engineering 
Symposium, 
Washington, 


Society 


istrative achievements in the develop- 
ment and manufacture of precision 
electrical measuring equipment.” 

Edwin F. Kulikowski, head, Data 
Processing Branch, U.S. Naval Re- 
search Laboratory, for “contributions 
to the application of electronics to 
military uses.” 

Arthur B. Poole, president, Mitra- 
metric Co., for “design and manufac- 
ture of timing mechanisms by electri- 
cal means.” 

Lawrence R. Quarles, dean, school 
of engineering, University of Virginia, 


Sept. 23-25 — Special Technical 
Conference on Non-Linear Magnet 
ics and Magnetic Amplifiers (spon- 
sored by IRE and AIEE), Shoreham 
Hotel, Washington, D. C. 


Sept. 28-30 — IRE National Sym- 
posium on telemetering, Civic Audi- 
torium and Whitcomb Hotel, San 
Francisco. 


Sept. 30-Oct. 1 
tronics Symposium 
IRE and AIEF), 


Pittsburgh, Pa. 


Oct. 5-7 —5Sth Aeronautical Com- 
munications Symposium (sponsored 


by IRE), Hotel Utica, Utica, N. Y. 
Oct. 7-9 —IRE Canadian Conven- 


tion, Toronto, Canada. 


Oct. 12-14 15th National Elec- 
tronics Conference, Hotel Sherman, 
Chicago. 


Oct. 26-28—-Annua! Meeting of the 
Conference on E'ectrical Insulation, 
Pocono Manor 
Pa. 


Oct. 26-28 East Coast Aeronau- 
tical & Navigation Electronics Con 
IRE), Balti- 


Industrial Elec- 
(sponsored by 
Mellon Institute, 


Inn, Pocono Manor, 


ference (sponsored by 
more, Md. 


Oct. 29-31 1959 Electron Devices 
Meeting (sponsored by IRE), 
Shoreham Hotel, Washington, D. C. 


Oct. 30-Nov. 1 
of Refrigerating 
Annual Meeting, 
Atlantic City, N.J. 


American Society 
Engineers, 
Traymore 


Semi- 


Hotel, 


Nov. 2-6—National Metal Exposi- 
tion and International 
Amphitheatre, Chicago. 


Congress, 


Charlottesville, Va., for “contributions 
to engineering education and nuclear 
education.” 

William E. Shoupp, technical direc- 
tor, Atomic Power Dept., Westinghouse 
Electric Corp., Pittsburgh, Pa., for 
“contributions to the technology of 
nuclear power generation and sub- 
marine propulsion.” 

John G. Trump, professor of elec- 
trical engineering, High-Voltage Re- 
search Laboratory, MIT, for “contri- 
butions in the field of high-voltage en- 
gineering.” 
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Engineered by Tinnerman... 


of airflow quickly...and saves 25% in mounting cost! 


Some users set the Muffin-Fan, made by Rotron 
Manufacturing Company, to blow a cooling north- 
to-south breeze through their electronic or elec- 
trical equipment. Others want a south-to-north 
breeze. Both are readily pleased . . . the ingenious 
Tinnerman SPEED Cup that holds the fan in its 
frame permits quick snap-out and snap-in to reverse 
the direction of airflow. 


Rotron is pleased, too... the specially-designed 
SpEED CLip assures positive, safe attachment of 
fan to frame. Eliminates possible housing break- 
age. Provides a unique sales advantage. AND cuts 
25%, off the cost of the mounting. 

This exclusive SPEED CLIP is one more example 
of the way Tinnerman SPEED Nut Engineering 
Service takes a customer’s idea or problem at 
the design stage and develops an efficient part to 
meet the need. And usually with worth-while 
reductions in parts cost. 


You, too, can use this service to gain all sorts 
of product-design and cost-cutting benefits. Call 
in your nearby Tinnerman sales representative to 
discuss SPEED Nut Brand Fasteners in your prod- 
uct or idea. He’s listed in most “Yellow Pages” 
directories under “Fasteners.” Or write to: 
TINNERMAN PRODUCTS, INC. 
Dept.12 +» P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 
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SPEED CLIP’ lets MUFFIN-FAN'* user change direction 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessaries Ltd. Treforest, Wales. FRANCE: Simmonds $.A, 3 rue Salamon de Rothschild Suresnes (Seine). GERMANY. Mecano Bundy GmbH, Heidelberg. 
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Specially designed with the 
APPLICATION in mind! 


TYPICAL EQUIPMENT 
POWERED BEST BY 
BALDOR MOTORS 


Biowers 
* 
Fans 
* 
Ventilators 
* 
Agriculture dryers, 
cleaners, separators 
* 
Conveyors 


* 
Woodworking 
machinery 
* 
Abrasive saws 
(masonry & steel) 
* 
Pumps 
* 
Compressors 
- 
Machine tools 


LTRIC line of 
BALDOR motors 


No guesswork here! Now you can stop 
fitting the machine to the motor. 


Famous Baldor Streamcooled Motors 
featuring TEFC construction, are engi- 
neered and designed to fit specific ap- 
plications— your guarantee of getting the 
one right motor that will deliver the 
power and performance to make your 


equipment operate at top efficiency. 


There’s a highly trained and experienced 
Baldor representative near you who will 
be happy to show you how this “‘tailored- 
to-the-job”’ type of engineering can help 
cut costs and improve the performance 
of your equipment. Contact him direct 


or write to... 


ELECTRIC 
4353 Duncan Avenue 


COMPAN Y 


2 St. Louis 10, Missouri 


Over 500 Authorized Sales & Service Distributors in U.S. A. 
District Offices: Atlanta e Chicago e Cleveland « Dallas e Dayton « Des Moines « Detroit Litchfield, Conn. 
Los Angeles « Milwaukee « Minneapolis « New York « Kansas City, Mo 
Oakland « Philadelphia « Portland, Ore. « Syracuse 
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Men in Industry 


William A. Mussen, former chairman 
of Southwest Research Institute’s Ele-- 
tiical Engineering Department, has 
been named chief development engineer 
for the Singer-Bridgeport facility of the 
Singer Military Products Division, 
Singer Manufacturing Co. Mr. Mussen 
will be in charge of military design 
and development projects and will di- 
rect scientific and technical groups at 
the Bridgeport, Conn., plant. 


Stephen J. Skirpan has joined Ward 
Leonard Electric Co., Mount Vernon, 
N. Y., as a consulting engineer for 
dimmer sales. His activity will be 
largely devoted to development of 
lighting control systems of a functional 
nature. Mr. Skirpan was formerly re- 
search engineer and manager for the 
Lumitron Division of Metropolitan Elec- 
tric Manufacturing Co. of New York. 


The Board of Trustees of Underwrit- 
ers’ Laboratories, Inc. has promoted H. 
Baron Whitaker to vice president and 
chief electrical engineer with head- 
quarters in New York City. Since 1957 
he had been assistant to the vice presi- 
dent (Merwin Brandon, recently raised 
to president of UL). 


Charles E. Maki has been appointed 
chief development engineer and head of 
a new accessories group at MB Manu- 
facturing Co., New Haven, Conn. The 
group will be responsible for special 
orders for cabinets and multishaker 
switching controls on electrodynamic 
systems and for accessories such as 
field and degaussing supplies, ampli- 
tude protectors, displacement and _ ac- 
celeration limiters. 


Rabindra N. Ghose will head a new 
Exploratory Development Depa~tment 
of Space Electronics Corp., Glendale, 
Calif. The department will be active in 
developing concepts for technical pro- 
posals and conducting research and 
development in areas which emphasize 
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For aluminum 


that’s just right 


fi 
i Home 
cleaning equipment 


your product... 


Percolators 


check with ANACONDA ALUMINUM 


What is aluminum that’s “just right’? for your product? 

It’s aluminum carefully produced to your exacting specifications and shipped on 
schedule. And that’s Anaconda Aluminum— aluminum in virtually any form, all custom- 
produced to insure that you’re a satisfied customer. 

Our custom production policy is made possible by the flexibility designed into all 
Anaconda Aluminum’s modern plant facilities. Your order is scheduled promptly. And, 
from the moment it’s written until it’s shipped, your order gets the personalized attention 
of aluminum experts at every stage—another important part of this basic policy of 
making sure your aluminum is exactly right. 

To fully meet your requirements, Anaconda’-Aluminum combines this small-shop 
personality with the facilities to supply you aluminum in many forms—pig and ingot, 
coiled and flat sheet, rod, bar, structurals, tubing and other extruded shapes. 


What you want, when you want it — that’s the kind of service 
we offer aluminum buyers. To get it, call your local Anaconda 
Aluminum representative, or write our General Offices, Dept. 
E-8, Louisville 1, Kentucky. 


Every industry has one member 
who specializes in customer satisfaction 


ANACONDA ALUMINUM COMPANY © GENERAL OFFICES, LOUISVILLE, KENTUCKY 
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a thinking 
engineer’s 
MAGNET! 


If your pending engineering creations are as original as many we’ve 
encountered recently, there’s quite likely a place in them for Stackpole 
Ceramagnet. Molded from ceramic powders, these permanent magnets 
are totally unlike conventional metallic magnets — both in how and 
where they can be used. 

For instance, Ceramagnet permanent magnets are electrically non- 
conductive and chemically inert. In addition, their high coercive force 
means that they may be magnetized before assembly and used without 
keepers and pole pieces, or in the presence of strong opposing fields with- 
out loss of flux. 

Ceramagnet has space advantages too! Axial dimensions may be de- 
creased, radial dimensions increased. Thin discs containing many poles 
on one flat face are often practical. 

Ceramagnet permanent magnets usually show decided price advan- 
tages in larger sizes, in complex shapes, or in large quantities requiring 
a minimum of machining. 

Where can Ceramagnet fit into your application? For ideas and com- 
plete specifications, send for Stackpole Bulletin RC-12A. STACKPOLE 
CARBON COMPANY, St. Marys, Pa. 


ONLY CERAMIC MAGNETS COULD MAKE THESE NEW PRODUCTS PRACTICAL.. 


1. A durable, electrically-operated remote- 4, Smaller, quieter automotive auxiliary motors. 
indicating water meter for home & industry. 

2. A power station lightning arrestor that resists 
arc burning . . . lasts far longer. 

3. Light-weight, dry-circuit relay and circuit 6. Low-cost magnetic drives that require no phys- 
breaker arc-snuffers that require no additional ical coupling between driving- and driven- 
insulation. members. 


5. Lower cost, more easily assembled door and 
cabinet latches. 


CERAMAG® FERROMAGNETIC CORES 
SLIDE AND SNAP SWITCHES + VARIABLE iY ge 


COMPOSITION RESISTORS + CERAMAGNET® 
CERAMIC MAGNETS + FIXED COMPOSITION STACKPOLE 
CAPACITORS + COLDITE 70+® FIXED 

COMPOSITION RESISTORS + ELECTRICAL 

CONTACTS + BRUSHES FOR ALL ROTATING / y ry Ps 
ELECTRICAL EQUIPMENT + HUNDRED OF f , ») 
RELATED CARBON, GRAPHITE, AND METAL oe MAGNET 


POWDER PRODUCTS. bs 
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applied physics. Dr. Ghose, born in 
Calcutta, India, has experience in the 
fields of microwave antenna and filters, 
communications, wireless and lines, and 
television systems. 


Gordon S. Burroughs has been ap- 
pointed vice president of the CBS 
Laboratories, Stamford, Conn., in 
charge of the newly expanded Military 
and Industrial Electronics Systems 
Dept. Mr. Burroughs will direct proj- 
ects which include military applica- 
tions of television, high-resolution re- 
connaissance and surveillance systems 
utilizing both visible and _ invisible 
radiation, and specialized instrumen- 
tation for measuring wave propagation. 
He was formerly president of Burroughs 
Engineering of Cos Cob, Conn., the 
assets of which were acquired by CBS 
Laboratories. 


Appointment of Kartar Dhanjal as 
senior electronics engineer has been 
announced by the Epsco-West Cali- 
fornia division of the Boston data 
control firm. Specializing in the design 
of transistorized circuitry, Mr. Dhanjal 
formerly worked for B-J Electronics 
Corp., International Telemeter Corp.. 
and Lane-Wells Corp. 


Henri Busignies, president of ITT 
Laboratories, Nutley. N.J., research 
division of International Telephone 
and Telegraph Corp., received the 1959 
Pioneer Award at the National Aero- 
nautical Electronics Conference, Dayton, 
Ohio. He was honored for work in the 
development of automatic radio direc- 
tion finders for aircraft and his con- 
tributions of basic inventions and 
techniques to radar navigation and 
detection, instrument landing and 
communication systems. 


Alexander B. Magnus, Jr., has been 
appointed to the new position of staff 
analytical engineer and design special- 
ist at Actuation Research Corp., Glen- 
dale, Calif. Mr. Magnus will be involved 
in special studies in reliability, extreme 
environmental and __ nuclear-resistant 
fields. Prior to joining Actuation Re- 
search he was design specialist at 


Hydro-Aire Co. 


Cleve C. Nash and David S. Noble 
have been appointed senior scientists 
at Hoffman Electronics Corporation’s 
Science Center in Santa Barbara, Calif. 
Dr. Nash, who comes to Hoffman from 
the Electronics Div. of Stewart-Warner 
Corp., Chicago, will be concerned 
with research in the fields of circuitry, 
physics, mechanisms and semiconduc- 
tor devices and materials. Dr. Noble, 
formerly with Trionics Corp., Madison, 
Wis., will be concerned with research 
in the fields of data processing, com- 
puters and automation devices. 


(Continued on page 168) 
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Teecec Truman we 


1 CLOTH 

2 TAPE 

3 SLEEVING 
4 YARN 

S CORDAGE 


This may be the SPECIAL INSULATION you're looking for! 


REFRASIL PHYSICAL PROPERTIES: If you’re looking for an efficient, lightweight 2000°-3000°F. insulating 
Chemical resistance of pure silica 


Resists temperatures up to 3000° F. under 
certain conditions your best answer. 
Low Thermal conductivity 

Fiber diameter .00020-.00040 in 4 ; : Tie . 7 2 
Specific heat .19 (Batt) ing an important industrial insulation for —300°F. cold to +3000°F. heat. 


Thickness .14-.15 in. (Batt) When other insulation materials fail in critical high temperature use, 
Surface density .05 Ib./sq. ft. (Batt) ‘ 


REFRASIL USES: 

*® 2000° F. continuous high temp. insulation 
Filtration of corrosive materials - 
Removable, insulating blankets ’ @ Write for REFRASIL Product Bulletin and Price List. 
REFRASIL Reinforced Plastics 
(ASTROLITE for up to 15,000° for short 
duration) 

Thermocouple wire insulation 
Electric muffle furnaces 
Laboratory heating mantles 


material in any of the physical forms shown above, REFRASIL may be 


Long proven for jet aircraft and missile use, REFRASIL is fast becom- 


write or call for test samples of REFRASIL. It may be the special insula- 
tion you're looking for! 


1733. Cordova Street, Los Angeles 7, Calif. » REpublic 3-9161 


WRITE OR CALL YOUR NEAREST HITCO REPRESENTATIVE: EASTERN: Tom Kimber 3 Crescent rcle, Cheshire nn., BR. 2-6544; Fred W. Muhlenfeld, 6659 Loct 
Md., VA. 5-3135 © MIDWEST: Burnie Weddle, 3219 W. 29th St., Indianapolis 22, Ind., WA. 5-8685 * SOUTHWEST: Marshall Morris, 2850A W. Berry, Rm. 7, Fort 
NORTHWEST: J. L. Larsen, 5757 Oaklawn F sttle, Wash., PA, 5-9311 * CANADIAN PLANT: THE H.!. THOMPSON CO. OF CANADA LTD., 60 Johnston St 
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35,000 Luxolene Molded Coils a Day 


That's the present production capacity at Deluxe Coils 
—and your assurance of fast, on-time deliveries 


In the approximately two minutes it takes you to 
read this, Deluxe Coils could have produced more than 
140 Luxolene molded coils to your specifications. 


The company’s Huntington, Indiana, conveyorized 
assembly line (shown above) is Deluxe Coils’ answer to 
the growing demand for the moisture-resistant Luxolene 
coils. The plant’s present production capacity: 35,000 
coils—large and small—EVERY DAY!! 


To you, as a Luxolene coil user, this production capa- 


city means shorter time cycles between coil ‘‘specs” and 
delivery ... and a positive assurance that the coils you 
need will be where they’re needed exactly when they’re 


needed—at a cost you can afford. 


For specific information on what Deluxe Coils’ Lux- 
olene production capacity can mean to you—and how it 
can speed your orders—write to Deluxe Coils, Inc., 
Wabash Indiana or Phone Wabash-1720. 
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Leon W. McGinnis has joined Conap. 
Inc., Olean, N. Y., as a project engi- 
neer. Mr. McGinnis was formerly as- 
sociated with National Vulcanized Fibre 
Co.. Wilmington, Del., as development 
engineer. During the past five years he 
has devoted most of his time to the 
development of improvements in lami- 
nates, adhesive systems and metal- 
processing techniques for — printed- 
circuit laminates. 


Michael V. Sullivan has been ap- 
pointed manager of the Reconnaissance 
Laboratory for the Research and De- 
velopment Division of Military Elec- 
tronic Operations of Allen B. Du Mont 
Laboratories, Inc., Clifton, N. J. Mr. 
Sullivan joined Du Mont as a senior 
research engineer in 1958. Prior to his 
association with Du Mont he was a 
senior project engineer with the 
Columbia Broadcasting System, Labo 
ratory Division. 


Edward A. Bruns has joined Servo 
Corporation of America, New Hyde 
Park, N. Y., as an IR systems develop- 
ment engineer. Servo Corp. designs 
and manufactures infrared military 
weapons systems and — sub-systems. 
navigation and communication systems. 
electronic test equipment, and indus- 
trial control systems. Mr. Bruns was 
formerly associated with Wheeler Labo- 
ratories, Great Neck, N. Y., as develop- 
ment engineer. 


Company Briefs 


John Oster Manufacturing Co., Avi- 
onic Division, Racine, Wis., has moved 
and increased the size of its eastern 
office space. The Hempstead, N. Y.., 
office and Irvington, N. J., office have 
been consolidated into a single location 
at 310 Northern Blvd., Great Neck, 
Bed. WX, 


Hermetic Connector Corp., Newark. 
N. J.. has announced formal change of 
the company name to Hercon Electronics 
Corp. Hercon manufactures crystal and 
transistor mounts, AN-type connectors, 
single terminals, headers, diode closures 
and glass-to-metal seals. 


Acquisition of University Loudspeak- 
ers, Inc. of White Plains, N. Y., by 
Ling Electronics, Inc. of Los Angeles has 
been announced. University will be- 
come a_ wholly-owned subsidiary of 
Ling, and its products will complement 
those of Altec Companies, Inc., also a 
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SYLVANIA MEDIUM AND JUG SPED SWITCHING TRANSISTORS 


Both INE-7-IN and PIN F types that 


switch in 


Design engineers can get both 
NPN and PNP medium and high- 
speed switching transistors in 
quantity from Sylvania. Each type 
in the line is designed especially 
for computer and switching appli- 
cations. They feature close control 
of current gain and frequency cut- 
off and are especially adaptable 
to high-temperature use. 

These Sylvania medium and 
high-speed switching transistors 
are widely used in military equip- 
ment because of their outstanding 
reliability and stability. Each of 
the types is subjected to 100°; 
leak tests and stabilizing tests 
that assure top performance under 
the toughest operating conditions. 


v SYLVANIA 


Subsidiary of 


tenths of microseconds 


Each type is encased in a JEDEC 
TO-5 package with the Sylvania 
welded hermetic seal for full pro- 
tection against humidity and other 


severe environmental conditions. 

Send for your free booklet on 
Sylvania computer transistors, or 
call your representative. 


SYLVANIA MEDIUM AND HIGH-SPEED SWITCHING TRANSISTORS 


NPN 
Collector to Base V 


25v 25v 
25v 15v 
25v 15v 
25v 15v 
25v 25v 
25v 25v 
25v 25v 
25v 25v 
25v 25v 
25v 25v 
25v 15v 


—25v 
—30v 
—30v 
—30v 
—30Vv 
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Emitter to Base V 


Freq. Cutoff, fab 
Vce =6v.1k. =1 ma 
Power Diss. min. 


100 mw 5 mec 
150 mw 2.5 mec 
150 mw 4mc 
150 mw 5 mc 
100 mw 2.5 mc 
150 mw 2.5 mc 
100 mw 5 mc 
150 mw 5 mc 
100 mw 10 mc 
150 mw 10 mc 
150 mw 2mc 


ie = 
Omc 
5 mc 
Omc 
Ome 
Ome 


5 
120 mw 4 
150 mw 2 
150 mw 3. 
150 mw 5 
150 mw 0 


Sylvania Electric Products Inc. 
Semiconductor Division 
100 Sylvan Rd., 


Woburn, Mass. 





cess than an inch long Weighs less than 2 oz. 


big relay performance 


in crystal can size 


A high precision, efficient sub-miniature relay. 
Constructed to withstand severe vibration, heavy shock and 


temperature extremes. For control systems, missiles, 


computers, aircraft and similar applications requiring 


miniature size and dependable performance. 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-In Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 570 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 2 Amps. @ 28 V. D. C. Resistive (max.). 
Maximum Operate Time (N.O. Contacts): 4 Milliseconds. 
Maximum Release Time (N.C. Contacts): 3 Milliseconds. 
Maximum Contact Bounce: | Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 
Minimum Insulation Resistance: 100 Megohms. 

Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: — 65° to 125° C. 

Operating Shock: 50 ‘*G" for 11 Milliseconds. 

Vibration: 20 ““G""—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .45 Oz. 

Meets MIL-R-25018 and MIL-R-5757C specifications. 


Send for Bulletin SM 


VISIT 
BOOTH 217 / 
AT THE \ i 
WESCON 


sHOW ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 


acme TCH AY 


‘| ) RELAYS * SOLENOIDS © COILS * SWITCHES * HERMETIC SEALING 
j 
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wholly-owned subsidiary of Ling. No 
changes in the operation of University 
are being considered. The company 
will continue to operate through the 
same distribution and marketing chan- 
nels as in the past and no changes are 
contemplated in product and brand 
identification. 


Hewlett-Packard Co.. Palo Alto, Calif., 
has acquired the Palo Alto Engineering 
Co. of Palo Alto, manufacturers of 
transformers. Paeco thus becomes a 
wholly-owned subsidiary of Hewlett- 
Packard. A Paeco expansion program 
will result in the doubling of the com- 
pany’s productive capacity by this 
month. 


Accurate Specialties Co., Inc., Wood- 
side. N. Y., has leased a plant in 
Hackensack, N. J., as a part of an 
expansion of production and researclt 
facilities for manufacturing semicon- 
ductor preforms and components. Accu- 
rate Specialties’ plant and headquarters 
will remain at Woodside. N. Y. 


Merger of Machlett Laboratories, Inc., 
Springdale, Conn., into Raytheon Co. 
has been effected. Machlett. a manu- 
facturer of X-ray tubes and_ high- 
power, high-voltage electron tubes. will 
operate under the same management as 
before. 


A reorganization of the International 
Business Machines Corp. has been an- 
nounced. The Data Processing Division, 
which handles IBM punched-card and 
electronic data-processing systems, has 
been separated into a marketing divi- 
sion and two product development and 
manufacturing divisions: one for large- 
scale data-processing systems, the other 
for smaller systems. The Military Prod- 
ucts Division has been combined with 
the IBM Washington Federal Office to 
form a new Federal Systems Division. 
This division will continue to engineer 
and produce special military data- 
processing systems. Federal Systems 
headquarters will be transferred from 
New York City to Rockville, Md., in 


August. 


The Grand Rapids Division of Lear, 
Inc. has been re-organized into two 
separate general operating divisions. 
The two new divisions are the Instru- 
ment Division and the Electro-Mechanical 
Division. The term “Grand Rapids Divi- 
sion” will no longer be used. Both 
divisions, however, will remain in Grand 


Rapids. 


Baird-Atomic, Inc., Cambridge, Mass., 
has acquired Atomic Development and 
Machine Corp., New York. a special 
fabrication facility engaged in manu- 
facture of mechanical devices for 
nuclear application. 
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MOTORS 


pe th ae gsm eled 


. DuPont Mylar* slot 
cell insulation 

Am taba irda emeel eres 
aluminum end heads 

. Dependable, silent 
rata Gabtl 4; etd ce 


. Precision die-cast 
aluminum rotor 


. Choice of sleeve or 
fully sealed ball bearings 


. Precision machined 
lar-4(e Me) 1s) ea 


. Choice of rigid, 
resilient or face mountings 


R & M Fractional Horsepower Motors are packed 
with Competitive Advantages for your product! 


RosBins & Myers “Model R” fractional HP motors, avail- 
able in NEMA frames 56 and 48, are engineered and 
manufactured to give your product every possible com- 
petitive advantage so far as power is concerned. Each 
design detail results in superior performance and long 
trouble-free life, even under the severest operating condi- 
tions. They are smaller due to a more efficient ventilating 
system and lighter because of new applications of aluminum, 
steel and copper. 

You have wider design versatility too, because they are 
available off-the-shelf in a broad choice of bearings, mount- 
ings, ratings, speeds and electrical characteristics. 

These up-to-date design features, coupled with careful 
quality control at each manufacturing step, give you a 
modern motor you can rely on for all your powering needs. 
Also, if your needs indicate a custom designed motor Rob- 
bins & Myers welcomes the opportunity to discuss your 
quantity requirements. 

Learn all about the many advantages R&M motors offer 
you by writing today for Bulletin 450 EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO + BRANTFORD, ONTARIO 
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— the time-tested standard of the resistor industry 


Evanohm: 


RESISTANCE ALLOY 


— for resistors and precision instruments 


70 90 110 130 
TEMPERATURE IN C* 


Percent change in resistance of an ideal sample 
of Evanohm. mail production material (.002” 
and finer) is supplied within the range +10 ppm 
{65 to 25°C. and 25° to 125°C, referred to 25°C.) 


Patents 


Wherever exceptional stability over a wide tem- 
perature range is essential, EVANOHM is the 
accepted standard of performance. This high- 
reliability resistance alloy provides high specific 
resistance, low temperature coefficient, low ther- 
mal EMF to copper. EVANOHM is especially 
recommended for use in resistors, aircraft in- 
struments, for guided missiles, rockets and 
other precision equipment. Available in bare 
wire, enamel, formvar, polyurethane, silk, 
cotton, nylon and glass insulation. Write for 
complete electrical and mechanical data and 
recommendations on your specific application. 


: . 
> 
idename Registered 

ename Registerec 


WILBUR B. DRIVER CO. 


Main Office: NEWARK, N. J. —Tel. HUmboldt 2-5550 


Branch Offices and Warehouses in Principal Cities. Manufacturing Plants: 1875 McCarter H'way, 
Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. In Canada: Canadian Wilbur B. Driver 
Co., Ltd., Toronto. Subsidiary: Western Gold and Platinum Co., 525 Harbor Blvd., Belmont, Calif. 
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Engineering 
Standards 


ASA Standards 

A new American Standard, establishing 
suggested requirements for automatic 
circuit reclosers and automatic line 
sectionalizers for alternating-current 
systems, has been published by the 
American Standards Association. 

Designated €37.22-1959, the new 
standard is based on publications of 
AIEE and NEMA and applies to all 
single-pole and multi-pole alternating- 
current reclosers and sectionalizers for 
nominal voltages from 1500 to 23,000 
volts. 

The standard is available at $1.35 
from American Standards Association, 
Dept PR 77, 70 E. 45 St.. New York 
7. ls es 


Fastener Standards 


The third edition of “Bolt, Nut and 
Rivet Standards.” 288 pages. includes 
all current engineering standards, in- 
cluding those made since the 1952 edi- 
tion. The volume contains the nation- 
ally recognized dimensional standards 
for general-purpose industrial fasteners 
including bolts, nuis. studs, screws 
(machine-, cap-. tapping-, wood-), 
washers and rivets. Other information 
includes: Fastener Specifications and 
Standards, Grade Markings, Locknut 
Specifications, Terminology, Screw 
Thread Standards, ete. 

Copies are available from the Indus- 
trial Fasteners Institute, 1517 Terminal 
Tower, Cleveland 13, Ohio at $3.00. 


Book Review 


Research Techniques in Human 
Engineering. Alphonse Chapanis. 
The Johns Hopkins Press, Baltimore, 
Md. 316 pages, price $6.00. 


Actual problems in the matching of 
machine capacities to human capabil- 
ities and limitations are used as ex- 
amples in this handbook. The book de- 
scribes the operational methods which 
may be used for the study and collection 
of usable data on man-machine systems. 
The author includes sections on pitfalls 
to be avoided when dealing with the 
human factor as well as a 50-page 
chapter on specific statistical methods 
that supplement the research techniques 
examined in the book. 
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SPECIFY 


“Powrized” efficiency . 
through experience-proved ap- 
plication of Royal’s big line of 
@ stock molds for caps, connec- 
hm tors, strain reliefs... or with — r y ee 
Hcorrectly engineered special eed LE ee 
designs to meet special 
conditions. M iY R Pas 


| “Powrized” dependability 


. . . by employing the right 
combination of materials 7 . A cor} DD A a D 
(rubber, neoprene, plastics); 
and the right wire making, 
molding and assembly tech- |) | Ss 4  e Ly h 
niques to insure end-to-end 
cord quality. 
“Powrized’’ assembly ease 
. with dimensions custom- 
ized to fit your product’s hous- 
ing and meet pull-test require- 
ments... and conductor ends 
stripped, tinned or with ter- 
minals — ready for speedy 
assembly. 


TNS Lae he PRODUCT'S Payee iy 


yo ele 


“Powrized’’ merchandising 
values . . . your trademark 
molded-in on caps or connec- 
tors... cords surface-marked 
with your brand name... . spe- 
cial designs of attachments or 
strain reliefs, styled to coor- 
dinate with your product... 
also matching cord set colors. 


All these product-protecting 
values come with a “Powr- 
ized” Royal Cord Set. Our 
representative will give you 
details. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET © RHODE ISLAND 
In California: 


Electric Cords & Supply Corp., 
413 East 3rd St., Los Angeles 13 


i ‘ i : 
eee ON associate of eooeoes IN D 8) ) T R | E S 
; PRODUCTION CO. 


211 ASH STREET ° AKRON 8, OHIO 
SOUTHERN PLANT: DANIA, FLORIDA 
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NEW! FIRE- 


TUNNEL TEST UL 723 


FIRE-RESISTANT PLASKON UREA RATING AS LOW AS 25 


(a ten fold improvement over standard urea!) 


PROPERTIES OF PLASKON FIRE-RESISTANT UREA UFR-28: 


ASTM FIRE- ASTM FIRE- ASTM FIRE- 
MOLDING TEST RESISTANT PROPERTIES TEST RESISTANT TEST RESISTANT 
PROPERTIES METHOD UREA MOLDED METHOD UREA PHYSICAL METHOD UREA 


Bulk Factor 0392-38 2.4-3.0 Electrical Specific Gravity D792-50 = 1.47-1.52 
Preformability Good Arc Resistance, sec. D495-58T 110-130 Coefficient of Linear Thermal 
Temperature, F 275-325 Dielectric Strength, v/mil D149-55T Expansion/deg C, max D696-44 2.7 x 105 
Pressure 2,000-8,000 Short time, Ye inch 300-400 Thermal Conductivity, 
Mold Shrinkage, in/in 0.006-0.014 Step-by-step, Ye inch 200-300 g-cal/(sec) (cm?) (deg C/cm) 7.8 x 10° 
Heat Resistance, F, max 170 
Deflection Temperature 
under Load (Heat distortion), 
264 psi, F D648-56 245 
Water Absorption, per cent, 
24hr @ 25C D570-42 0.5-0.7 
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RESISTANT UREA 


PHOTO COURTESY OF UNDERWRITERS’ LABORATORIES INC 


A.S.T.M. Test D635-56T 
: RATING: NON-BURNING 


MECHANICAL 


Impact Strength 

Izod ft-lb/in. of notch 
Flexural Strength, psi 

Tensile Strength, psi 

Rockwell Hardness 
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ASTM 
TEST 
METHOD 


0256-56 
D790-58T 
D638-58T 
D785-51 


FIRE- 
RESISTANT 
UREA 


0.25-0.35 
10,000-16,000 
5,000-10,000 
M116-M120 


4 ‘Today, more and more em- 
Plaskon phasis is being placed on 
plastic material possessing 
high fire retardant characteristics. In response to 
this critical need, ALLIED CHEMICAL has devel- 
oped atruly FIRE-RESISTANT Urea UFR-28. Where 
other white and pastel compounds may blister, 
crack, drip, sag, or readily contribute to flame 
spread—PLASKON Fire-Resistant Urea effectively 
meets stringent Underwriters’ Laboratories re- 
quirements. 


In products made of low fire retardant materials, 
the possibility of ‘‘hot spots” arising from over- 
load, long use or any malfunction presents se- 
rious fire hazards. PLASKON Fire-Resistant Urea 
will combat such hazards. Fire-Resistant Urea 
continues to pass test after test requiring maxi- 
mum safety. Whether it be a structural or non- 
structural component for today’s products, look 
to ALLIED CHEMICAL for the thoroughly qualified 
fire-resistant thermoset compound — Fire-Resist- 
ant PLASKON Urea UFR-28 Molding Compound. 


AND LOOK AT UFR-28's OTHER IMPORTANT PROPERTIES: 


®@ High dielectric strength @ Photometrically controlled color 
@ Non-static dust attraction @ Self-supporting rigidity 
@ Resistance to detergents @ Ease of cleaning 

@ Hard surface, non-abrasion. 


PLASKON Engineering know-how is at your service with technical assist- 
ance and experience acquired through years of problem solving. A phone 
call or letter is all it takes... do it TODAY! 


llied 


PLASTICS AND COAL CHEMICALS DIVISION + 
40 Rector Street, New York 6, N.Y. ul 
BASIC TO AMERICA’S PROGRESS 
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MOTORS 


solve your power problems with 


better performance at lower cost. 


Ever since Alliance originated the cost-cutting rim 
drive phonograph motor (in 1938), it has helped 
manufacturers build better products at lower cost. 


Because of its advanced research and engineering 
—as well as its large-scale production—Alliance 
gives you more for your money. Alliance motors 
power leading makes of business machines, remote 
control and timing devices, phonographs, household 
appliances and many other products. 

Shown on this page are just a few models from 
the complete Alliance line—available from stock or 
made to order. 


Write for complete catalog and quantity prices. 


Model B—an extremely quiet mo- 
tor used in tape recorders, fans 
and other applications. 1/35 to 
1/90 H.P. 


Model JSG—an extremely quiet 
gear train motor, made to order 
for TV tuners, rotisseries, remote 
controls and other applications. 


Model JPQ—four-speed phon- 
omotor with turntable. Used 
in stereophonic and stand- 
ard record players. 


Circle 178 on page 17 


LL TLE A A RIA PA ws ERNE SO ER 


The Shock Spectrum: A Means of Stating 
Mechanical Shock Requirements 


(Continued from page 127) 


when shock spectra are used in stating test requirements, 
it is common to think in terms of a test based on an 
envelope of the various spectra. This sometimes results 
in severe excitation of some resonances that are pro- 
tected by their loading effect under conditions of use. 
Experience indicates that this problem in the use of an 
envelope has less serious effects in connection with the 
testing of electromechanical and hydraulic equipment 
than in connection with the design of large structures. 
Severe excitation resulting from resonances is_prob- 
ably seldom critical for electronic, electromechanical and 
hydraulic equipment: adequate testing is possible in spite 
of the problem, and it is possible to achieve a practical 
equipment design. The problem is not avoided by speci- 
fying a pulse shape rather than a shock spectrum. 


Conclusion 


It appears that the shock spectrum is preferable to 
the pulse shape as a means of specifying shock test 
requirements and should be expected to facilitate the 
attainment of reliability. On the other hand, no prac- 
tical machinery for testing can be visualized at the 
present time that would permit the development of 
equipment for a specific application without occasionally 
having enormous safety margins in some interior loca- 
tions. To the extent that practical designs are conceivable 
that would weigh less by virtue of having more uniform 
safety margins, this represents a defect in our develop- 
ment techniques. 

Yet, if we were able to design or develop for uniform 
small safety margins relative to a particular application, 
we would be reluctant to do so. Change of application 
is common in the development of military equipment. 
One would not want to design a gyroscope in such a 
way that changing its location in the airframe or apply- 


ing it in a slightly different missile would be likely to 
a ee 


result in failure. 


Cited References 

1. “Analytical and Experimental Methods in Engineering Seis- 
mology,” M. A. Biot, Trans. Amer. Soc. of Civil Engrs., 108, 
p 365 (1943). 

2. “Shock Spectrum as a Criterion of Severity of Shock Impulses,” 
C. T. Morrow, Jour. Acoust. Soc. of Amer., 29, pp 596-602 
(May 1957). 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 
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«2. made more useful 
by MACALLEN 


Mica’s inhefently high dielectric strength is made available in the widest 
variety of shapes, sizes, and thicknesses by MACALLEN. This complete 
selection is a logical result of MACALLEN’s more than 60 years of 
close cooperation with the electrical industry . . . helping in the solution 
of insulation problems of every type. You'll find the best, most economi- 
cal solution to your insulating problem in our Catalog 25. Send for 


~~ GAVGEARLEOD 
(JOGA 


¢e ALL FORMS e ALL QUANTITIES 
* ALL DEPENDABLE 


THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Blvd. 
CLEVELAND: 1231 Superior Ave. 
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B. CAN USE these new, sub- 
iniature switches where posi- 
tive, snap action — with long 


life and dependable operation 
over a wide temperature range 


— is vital to control circuits. Es Be be 

Up to +650F, or down to rae te 
—65F, the UNIMax Type FC sea 
switch provides precise control i | ; 
in small space, Type FC-1 has a 


welding-tab terminals; Type : 
FC-2 has threaded-stud ter- f as Circle 219 on page 17 
minals. ; 


A descriptive data sheet will be , 20 TO 200 D.P. 

sent on request. For detailed een veee Ghmete Fee GeSrtation 
test data covering temperature 
characteristics, life, repeatabil- 
ity, and vibration and shock 
resistance, write — on com- 
pany letterhead — for Report 
No. RFC-12. 


ELECTRICAL RATINGS 
SPURS @ HELICALS © WORM AND WORM GEARS 
4 amperes, resistive, . STRAIGHT BEVELS © LEAD SCREWS @  RATCHETS 
a Sha ae Lhe ee CLUSTER GEARS @ RACKS © INTERNALS © ODD SHAPES 
Ss APRSRP comets laces 
Ne at 18-30 volts d-c 


: THE Yoecse” = = GEARS 


UNIMAX SWITCH [ea 


IVES ROAD, WALLINGFORD, CONNECTICUT 1035 PARMELE ST. ROCKFORD, ILLINOIS 
 cencieemeeneibiin da aeealiaiaeiiateeieniies Haniel hie see onda Ae ae 
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this simple fastener 
cut the cost 
2 


of your product e 


Rollpin aids standardization and reduces inventory 


Rollpin readily replaces taper pins, grooved pins, straight pins and 
set screws; it can be used as a locating dowel, hinge pin, cotter pin, 
stop pin or, in some applications, even as a rivet. Thus, when you 
standardize on a Rollpin you can drastically reduce the variety of 
fasteners in your inventory—save money in purchasing, storage 
space and stock handling. 


Rollpin simplifies production processing ... saves man-hours 


When you use Rollpin you can eliminate costly precision drilling, or 
tapping operations. And there’s no need for any secondary locking 
operation—such as lock wiring or peening. That’s because Rollpin 
is a slotted tubular steel spring whose chamfered ends drive easily 
into standard production-drilled holes, compressing as driven. The 
spring tension against the hole walls retains Rollpins securely 
against severe vibration. Independent studies have shown that in- 
stalled costs of Rollpin are as much as 91% less than those for a 
dowel pin or 95% less than the installed cost of a taper pin. 


Rollpin simplifies product maintenance 


Only a drift pin or standard punch is required to remove a Rollpin. 
The slotted tubular shape and the spring action principle do not 
damage hole wails or enlarge the original hole diameter. Conse- 
quently the same pin is easily re-inserted and can be used again and 
again. Mail our coupon today for the complete Rollpin story. 





Dept. R58-822, Elastic Stop Nut 
Corporation of America 
2330 Vauxhall Road 
® Union, New Jersey 
Please send the following free 
\ fastening information 
C) Rollpin bulletin 


[) ELASTIC STOP® nut bulletin —_ 





a product of (CD Here is a sketch of a fastening 


blem. Wh ® 
Elastic Stop Nut Corporation of America a aaeee _Zone__State 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular EvecrricaL MANUFAC- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
incorporated in the 
Section — be- 


the postcards 


Reader Inquiry Service 


The Shock Spectrum: a Means of 
Stating Mechanical Shock Require- 
ments. August 1959, 8 pages. The 
use of shock spectrum instead of 
pulse shape to specify shock-test 
requirements. A discussion of the 
instrumentation and other consider- 

involved in this new ap 


(741) 


Air Filters for Electronic Equipment. 
August 1959, 4 pages. The selec 
tion and application of mechanical 
air filters for use in the cooling svs- 
tems of electronic equipment, par- 
ticularly as applied to military 
equipment. Various types (viscous 


ations 
proach. 


impingement, electrostatic and dry) 


are described and their character- 
(711) 


Fluorochemical-Vapor Cooling Tech- 
niques in Electronic Equipment. 
August 1959, 5 pages. A study of 
fluorochemical vapors used as di- 
electric and heat-transfer material. 

these materials are 


istics are enumerated 


Properties of 
discussed. Different types of cool- 
ing systems and special design pa- 
rameters for use of fluorochemical 
vapors in electronic equipment are 
investigated and presented. Sup- 
porting data in the form of charts, 
tables and mathematical formulae 
are given. (718) 
Relay Test Code Advanced, July 

1959, 10 pages. The gist of relay 

design and application discussions 

at the Seventh National Confer- 
Electromagnetic Relays. 
Many of the technical papers and 
the reports of the NARM Relay 
sum- 
(708) 


ence on 


Test Code committees are 
marized. 


D-C Torque Motors for Servo Appli- 
cations, July 1959, 6 pages. Usage 
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ginning on page 17. Readers should 
circle those numbers which correspond 
to the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 
Vo. of Number of pages 
Reprints 4-12 16-32 
] Gratis Gratis 
5 $2.00 $3.75 
3.50 6.00 
7.50 12.50 


of the torque motor, a type of elec- 
tromagnetic transducer, has grown 
rapidly in the last few years. 
Theory of operation and notes on 
application of commercially avail- 
able units are given. (726) 


Construction and Use of Alignment 
Nomograms. June 1959, 5 pages. 
The advantages of alignment 
nomograms over Cartesian curves 
for many engineering purposes are 
related. Specific procedures for 
constructing alignment charts are 
outlined, with supporting examples 
being given. (731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components. June 
1959, 5 pages. A review of major 
types of pressure-sensitive electrical 
tapes, with emphasis on new tape 
materials and their effect on appli- 
cation problems. Areas of applica- 
tion are summarized and_ test 
methods listed. (703) 


Clad and Laminated Metals—Their 
Design Potentials. June 1959, 7 
pages. Presented are examples of 
areas of application of combined 
metals. Combinations by cladding 
and laminating give, for certain 
applications, a superior product 
which yields the best properties of 
each constituent metal. Treated in 
this article are the precious and 
rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and 
illustrations. (707) 


How to Specify Insulating Varnishes 
For Equipment Reliability, May 
1959, 6 pages. Major insulating 


varnish types are identitied, their 
properties and application areas 
evaluated, and compatibility with 
other elements of electrical systems 
analyzed. Emphasis is given to in- 
sulating varnishes as key com- 
ponents in designing insulation 
systems for optimum equipment life 
and reliability. (730) 


Static Switching Today, May 1959, 9 
pages. A survey of static switching 
as it is applied in machine control 
systems. Includes theory of switch- 
ing circuits and how various types 
of devices are used. Units supplied 
by various manufacturers are also 
described. (714) 


Overcurrent Protection of Semicon- 
ductor Rectifiers, April 1959, 9 
pages. Overcurrent protection tech- 
niques. Examples of fault protec- 
tion for circuits with and without 
current-limiting impedances, and 
for circuits which provide inter- 
rupted or non-interrupted service 
upon rectifier cell failure. (739) 


Load Factors in Selection of Eddy- 
Current Drives, April 1959, 7 
pages. The various forms of eddy- 
current couplings and brakes have 
particular characteristics. These, to- 
gether with the nature of the me- 
chanical load, must be considered 
in selecting drive components and 
electrical controls for a drive. Load 
and drive factors are discussed to 
illustrate drive selection. (727) 


High-Temperature Characteristics of 
Thermosetting Laminates. April 
1959, 6 pages. Representative 
grades of NEMA plastics laminates 
(including the phenolic, polyester, 
silicone and epoxy-resin types) have 
been evaluated at the Johns Hop- 
kins University for electrical and 
mechanical properties at tempera- 
tures through 250 C. The results of 
this evaluation are summarized in 
this report, including tabular and 
chart data, (706) 


Editorial Index to Electrical Manu- 
facturing for 1958, 24 pages. This 
yearly subject-classified index is 
completely annotated. Includes an 
author index and reproduces the 
ELECTRICAL MANUFACTURING Sub- 
ject Classification and Alphabetical 
Subject Cross Index. (734) 


Editorial Index to Electrical Manu- 
facturing for 1957, 24 pages. In ad- 
dition to an annotated, subject-clas- 
sified index to all the feature arti- 
cles, this booklet provides an author 
index and also reproduces the 
ELECTRICAL MANUFACTURING Func- 
tional Subject Classification and the 
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ASCO Close-Differential Relays provide dependable, low-cost 


protection from under and over voltage. 


When a motor runs on low voltage for an extended period of time, burnout and 
fire may result. This can be costly in both down-time and damage to equipment. 


You can protect your motors with ASCO Close-Differential Relays. They offer 
economical, dependable protection even when motor feedback conditions prevent 
ordinary potential relays from detecting changes in voltage. ASCO Close- 
Differential Relays respond to a 2% variation in voltage; protect motors when 
low voltage or over voltage conditions occur. 

Because they combine sensitivity with rugged construction, ASCO Relays are 
providing low-cost protection in a wide variety of applications. 

For example, in some oil burner installations, ASCO Relays help prevent explo- 
sions due to under voltage. In these installations, when under voltage occurs, 
ASCO Relays prevent oil build-up in the pit by detecting this low voltage condi- 
tion, and causing oil flow to be cut off immediately. Otherwise on under voltage 
the oil would build-up in the pit since the ignition system would not fire. This 
excess oil could result in an explosion when voltage is restored and the ignition 
system fires. 

Find out how the ASCO Close-Differential Relay can protect your equipment. 
Send for Catalog 57-S4 describing the complete line of ASCO Relays. 


Dependable control by ASCO is available from representatives and distributors 
in all principal cities. 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey * Frontier 7-4600 


AUTOMATIC TRANSFER SWITCHES ° SOLENOID VALVES ° ELECTROMAGNETIC CONTROL 


Circle 182 on page 17 


ASCO Close-Differential A-C Relay operates 
on 2% variation in voltage—features positive 
action, quiet operation, power relay type contacts. 
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A basic “bread and butter” team 


Each A-MP terminal line and matching tool were de- 
signed to go together like bread and butter... and to 
be as basic to your electrical circuit termination program. 


Reliability and lowest cost also go together like bread 
and butter in this A-MP tool and terminal method. 
There are no hidden ‘‘caviar’’ costs or doubtful connec- 
tions. In fact, total installed cost is lower than any 
other terminal-attachment method, while the entire 
termination operation is mechanically quality-controlled 
to create the highest reliability in the finished product. 


In addition, AMP manufactures a more diversified line 
of termination products than any other firm in the 
world, ranging from top quality circuit terminals and 
splices to versatile multi-circuit units for the most com- 
plex electronic components. 


Here, truly, is a line that will earn its bread and butter 
in your plant day after day, year after year. 


Write for more information on this modern, low cost 
circuit termination method. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania . 
A-MP products and engineering assistance are available through subsidiary 


companies in: Canada « England « France « Holland « Japan 
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Alphabetical Subject Cross Index. 
(737) 


Progress in Micro-Module Develop- 


ment, March 1959, 8 pages. An 
ELECTRICAL MANUFACTURING Staff 
Report describing significant ac- 
complishments in the Signal Corps 
Micro-Module Program. Details of 
micro-element development are 
given and preliminary modules 
and modular assemblies are illus- 


trated. (736) 


Electromagnet Copper-to-Iron Ratio 


for Optimal Design, March 1959, 
4 pages. The design of an electro- 
magnet by analysis instead of by 
successive approximation permits 
determining the best ratio of cop- 
per to iron. Details of the method 
are illustrated using a continuous- 
duty d-c tractive magnet as an 
example. (720) 


New Developments in Magnetic Ma- 


terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magne- 
tism and Magnetic Materials for: 
computer elements, microwave 
components, permanent magnets, 
soft magnetic alloys and new mag- 
netic devices. (702) 


A Graphical Analog Computer, Feb- 


ruary 1959, 4 pages. A descrip- 
tion, with illustrations, of the de- 
sign and use of a graphical analog 
computer, a nomographic tool in 
the form of a universal blank which 
can be applied to a variety of prob- 
lems. It is particularly advantage- 
ous when used to supply data for 
electrical analog computers. (704) 


Flexible Programming with Optical 


“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
control problems in stage and 
studio lighting, with a description 
of the advantages of new magnetic 
amplifier systems for these appli- 
cations. Details are also presented 
of a versatile control programming 
system using cards but still per- 
mitting flexible supervision by an 
operator. (733) 


Research Progress in Dielectrics — 


1958, January 1959, 10 pages. Re- 
view and _ interpretation of the 
papers and round-table discussions 
at the 1958 Conference on Elec- 
trical Insulation (National Academy 
of Sciences - National Research 
Council). The review emphasizes 
research in corona effects on insula- 
tion, high-temperature insulation 
systems, radiation effects, and re- 
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AMPOWER 


#2 AWG through 1125 MCM 
Positive attachment and highest conductivity for solid, 
stranded or combined conductors 


Wire stops and inspection ports assure 
proper insertion depth of cable 


Double thick tongue for 
Pee le mele ties) 
or special lengths 


Bell mouth opening 
aids in wire insertions 


Finest annealed copper, electro-tinned 
Muh uum aeeiou mete Mull tu 
conductivity and low temperature rise 


i 


One or two (NEMA) stud holes or blank tongued 


AMPOWER Terminals and 


Matching Dyna-Crimp precision tool is an electri- aed oe 
Splices plus Dyna-Crimp 


cally operated, hydraulic tool which combines 
aa . tooling are a matched team that 
the mobility features of a hand tool with the a ea ee 
7s give you the finest finished 
strength and precision of a bench mounted , attachments you can buy... at 
press. The tensile strength of the formulated “C” a, the lowest total installed cost. 
crimp which Dyna-Crimp creates approaches ™ For more information, request 


that of the cable tensile strength. ae our new AMPOWER 
ts brochure... 


AWNMIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France « Holland « Japan 
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lation of molecular structure to 


properties. (729) 


FURNA S ELECTRIC Designing Optimum Inductors with 
Ferrite-Biased Gaps, January 195y, 


14 pages. Barium ferrite permanent- 


magnet slabs in place of air gaps 
MANUAL STARTER permit up to 78 per cent volume 
reduction of iron-cored inductors 


carrying asymmetrical currents. An- 

alysis and synthesis procedures for 

iron (Audio A) or ceramic (Fer- 

2-3-4 Pol ramic H) cores with ferrite gaps, air 
iat ae gaps or no gaps—depending on 
which is optimum for the specific 


Sizes 0 and 1; 72 HP, case. (701) 


AC—2 HP, DC Perforated Storage Media, December 
1958, 9 pages. Survey of primary 
punched tape and card system: 
early development, current media 
formats and dimensions, compati- 
Visible Contacts bility problems, standardization 
progress, sources of perforated 

record equipment. A basic refer- 

Pressure Terminals for ence for engineers designing or in- 
Pat tegrating machine systems utilizing 
Quick Wiring punched cards or tape for pro- 
gramming or data storage. (705) 


Compact & Simplified 


Positive Snap Action Techniques of Cooling Electronic 


Equipment—Parts I and II, No- 

Trip-Free Thermal vember and December 1958, 18 
pages. This two-part article covers 
both theoretical and practical sides 
of heat removal in electronic equip- 
ment. Part I covers cooling theory 
; and methods and techniques of 

o" temperature measurements. Types 

e of cooling are discussed. Part II 

Exclusive “FURNAS FIRST” relates theory to heat removal in 
specific electronic parts and equip- 

ments, also analyzes the practical 

=“ SUPERIOR ELECTRO-MECHANICAL LIFE— application of various methods of 
Only two moving parts—floating toggle and spring replace complex linkages. cooling, such as forced convection, 
Unitized frame and arc box, silver-cadmium oxide contacts. direct liquid coolants, liquid and 
vapor cooling, direct vaporization 


DIRECT-ACTING THERMAL OVERLOAD— coolants. Tabular data and graphs 


; , : ; are included. 712 
Trip-free melting alloy type assures reliable motor protection, opens contacts included ( ) 
independent of toggle. Second overload unit snaps into place on single- 
phase starters. 


Overload Protection 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 

“JOG-RUN” SERVICE ACCESSORY— 


so magnetization curves, saturation in- 
First manual starter with a Jog-Run accessory, for fast, easy positionine. duction, remanence and coercivity 


measurements at both increasing 


| ee. and decreasing temperatures in the 
+ ? —60 to +250 C range for: Hiper- 

nik V, Hipernik, Deltamax, Mo- 

Permalloy and Hymu 80. (721) 

p Special Purpose Flexible Cord, No- 

vember 1958, 4 pages. Properties 


General Purpose Waoter-Tight Open Type Flush Type of flexible wire and cable materials 
are tabulated. Special cord designs 
Write today for Bulletin 11-B1, 1024 McKee St., Batavia, Illinois AS6 for use in equipment required to op- 


perate in severe environments are 


eS FURNAS ELECTRIC COMPANY described and _ illustrated. (735) 


aw BATAVIA, ILLINOIS ———_ on and re Be 
y SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES or Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
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ROEBLING MAGNET WIRE 
lives up to your reputation. 


wire 


When the switeh is thrown, magnet 
carries the responsibility of upholding your more 
f reputation 


customers more, in terms of satisfying performance. What's 


hoose the packaging that’s night for 


ind production \ copy ot Roebling’ s useful. new Magnet 
Wherever it's used—-in evervthing from Wire Fact Book is vours for the asking. Write Electrical 


venerators ind motors to tiny Wire Division John A. Roebling’s Sons ¢ orporation, 
coils— Roebling Magnet Wire provides an Trenton 2, Ne 


extra increment of dependability. That's because, in every 


one of its s ind types. it is skillfully made ot 
prime ingredients. then stringently inspected and tested 


you ¢ 


your produc t 
transtormers 


“ Jersey. 
cores of sizes 


You pay no more for this wire 


yvetat lets vou give your 


Branch 
Subsidiary of The 





ROEBLmaNG 6) 


Offices in Principal 


tie 
Colorado Fuel and Iror poration 


detailed critical review of the prob- 
lem areas and the state of the art 


Raytheon relies on i of materials and components re- 


: 


: quired in the operation of electronic 


; - systems in supersonic aircraft and 
: *k 7 missiles, nuclear submarines, and 
LAYS ' other military equipment exposed 
aa to extreme environmental condi- 
; Z 


tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 


f or t he er: tion are the most important environ 


ments discussed. Commercial com- 


fh j : 7 . , ponents are evaluated, research and 
4. » wo e 9 # ain development contracts are sum- 


marized (719) 


Treating Transfer Functions on Ana 
log Computers, October 1958, $ 
pages. A description with examples 
of a method of applying the trans- 
fer function of a system to an ana 
log computer to determine the sys 
tem output. Applicable to systems 
initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 

function expressed in terms of the 

Laplace operator in converting it 

+ 


o a mechanical schematic for the 
computer (728) 


Silicon Power Rectifiers—A Survey, 

September 1958, 12 pages. A com- 

prehensive presentation of what is 

wailable today in the field of silicon 

power (lL amp and over) rectifiers 

ind notes concerning their use in a 

wide variety of applications. A ma- 

jor portion of the article is tables 

giving detail ratings and character- 

istics of the units obtainable from 

a sixteen manufacturers. Rating in- 
Pere: formation given includes current, 
con piv, temperature, forward voltage 
Elerene) drop, max reverse current, max 
allowable surge, ete. (717) 


Magietic Properties of Stainless 

Steels, September 1958, 5 pages. 

Practical tips on selecting a corro- 

IMPORTANT Couch Relays are used in the suc- sion-resistant steel with particula 

SPECIFICATIONS cessful Hawk missile now being pro- magnetic (or non-magnetic) proper- 

Contacts: 4PDT - Dry circuit to duced by Raytheon Company for the ties tor structural and magnetic 

3 amperes U.S. Army. Designed primarily to at- applications. Effects of heat treat- 

Size 1%" D x 1%” tack low flying aircraft from mobile ment and/or cold working on mag- 

Weight: 3.2 oz. launchers at a battle front, or from netic properties of martensitic. 

Pull-in power: 1 watt fixed installations in populated areas ferritic and austenitic allovs are 

Ambient Temperature: of the United States, the Hawk's reviewed. (725) 
65°C to +125°C mission leaves no room for error or 

Vibration Sena caeee a unreliability of its systems. The pro- Ferrites for High-Power R-F Tuning 

iliac duction quantities of Couch Relays August 1958, 12 pages. The re 

75G operating used in these systems measure up to sults of a program for evaluating 

200G non-operating this required reliability. commercially available ferrites for 

power tuning applications in the 

Write for our new catalog on the full Couch range from 2.5 to 30 meguacycles. 

line of rugged rotary relays. Included are (1) magnetic per- 

meability and Q as a function of 


ORDNANCE INC. frequency, r-f flux and tempera- 


i aieaitiee ab 6 a elk: bn ture; (2) dielectric constant and Qp 
as a function of frequency and elec- 
tric field intensity; and (3) recom 


*CVE TYPE 3 Arlington Street North Quincy, Mass. 
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Here Knowledge Counts... 


In a chess game, it’s knowledge that pays 
off. And, when it comes to motors for 
appliance and equipment manufacturers, 
Emerson-Electric’s team of skilled special- 
ists (more than 100 engineers!) is ready to 
go to work for you now... with knowledge 
that pays off in your profit column. 


Remember .. . 


@ Emerson-Electric produces custom -engi- 
neered motors to meet your specific needs. 


® For more than 65 years, Emerson-Electric 
has been solving problems like yours. 


Put this special knowledge 
to work for you! Call, wire 
or write Dept. M381 today. 
The Emerson Electric Mfg. 
Co., St. Louis 21, Mo. 


EMERSON-ELECTRIC of St.Louis « Since 1890 
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oe ; ‘ . 3 
Bunting makes the meget Seiten ee 


turers. (715) 


ee . : 9 im 
4 mos iImpossi e€ Dynamic “In-System” Specifications 


5506666060600006000S4O06O00C00000 for Control Components, August 


1958, 8 pages. The urgent reasons 
e why the performance specifications 

ed rings ‘ for components to be used in con- 
jaan trol systems should include their 

ot Cs Ys dynamic performance characteris- 

ane : : tics and define their in-system be- 
. havior and requirements. Examples 

of system characteristics of several 


arts 4 Bs : ; important types of components are 
; i included. (723) 


Electronic Standards for Industrial 


a 4 Equipment, August 1958, 8 pages. 

| 3 P Internal standards for the electronic 
& 7 portions of machine control sys- 

: tems, prepared by the Plant En- 

: gineering Electronics Committee of 

General Motors Corp., are offered 


. 

ze aN ; E 
4 B for general industry use in conjunc- 
fe tion with the JIC Standards for 
4 Industrial Equipment (see Reprint 
’ 724). (722) 
JIC Electrical Standards for Industrial 
: Equipment, June 1957, 24 pages. 
eS . {> Bae Revised specifications for the appli- 


cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 


The photograph shows a sintered bronze bearing used in an excced- 


ingly popular home laundry drier. It offers several unusual features, Aaah 
some of which you may find useful in designs you are considering as a 
sintered parts. In the first place because the splines on the O.D. of the 
bearing abut the back of the bearing flange, this is a part which would 5—$3.75: 10-—$6.00; 25—$12.50: 
be almost impossible to produce by machining but can readily be 50-$20.00: 100—$30.00. Send 
produced by powder metallurgy. eae io ae 


check with order payable to ELEc- 
Second, the splines do not extend the full length of the bearing but TRICAL MANUFACTURING, 205 East 
the density of the splines must be the same as the remainder of the 42 Street, New York 17. (724) 
bearing. This requires intricate and unusual tooling and understand- 

ing of the problem which is one of the reasons why this manufacturer 

put his design in the hands of Bunting. 


For the unusual, as well as the usual, in bearings, bushings, bars and 
special parts of cast bronze, sintered metals or Alcoa aluminum, see Postcard return forms are provided 
Bunting first. on page 17 as a convenience to 


the reader in obtaining— 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 

Engineering Department are at your command without cost or obligation New Components and Materials 
for research or aiding in specification of bearings or parts made of cast Additional data from the sup- 
bronze or sintered metals for special or unusual applications. plier of any item reviewed. 


a. Tm * > 
.- @3R OV WUE G0 YOU Copy of Literature for the Design 


Bunting's “Engineering Handbook on Powder Metallurgy” : Engineer 
and Catalog No. 58 listing 2227 sizes of completely finished =a 
cast bronze and sintered oil-filled bronze bearings 

available from stock. publication reviewed. 


A copy of any manufacturers 


The Bunting Brass and Bronze Company s ; ; 
Toledo 1, Ohio EVergreen 2-3451 Branches in Principal Cities ry Feature Article Reprints 


Single copies of selected feature 


articles. 


Advertised Products 
More information on any prod- 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF uct or service described. 
CAST BRONZE OR SINTERED METALS. ALCOA® ALUMINUM 
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“No More 
Crystal Ball! 


Now we’re protecting ourselves... 
and our customers... with 


FACTS-IN-FIGURES” 


When you build-in Veeder-Root 

Counters as standard parts of your 

product, here are some of the 

advantages you gain for yourself and 

your customers: 

« Accurate, up-to-the-minute 
production records 


Proof of your product’s service 
guarantee 


A new and powerful selling feature 


Customers can see when 
maintenance is due 
Performance claims are settled 
more easily 

Extra profits in resale of VR 
Counters 


Veeder-Root name is added evidence 
of your product’s top quality. 
Customers are freed from guesswork 


See Veeder-Root Counters at the 
Design Engineering Show 
Booth 1529 


count on Veeder-Root! 


#1370 High Speed Counters are rated at 

1500 rpm .. . will accept momentary speeds 
up to 2500 rpm. 3, 4, 5 or 6 figures. Non-reset. 
Send for new Condensed Catalog. 


Veeder-Root.... 


Everyone can Count on Hartford 2, Connecticut 


Hartford, Conn. * Greenville, S.C. * Altoona, Pa. * Chicago 
New York * Los Angeles * San Francisco * Montreal 


® 


Offices and Agents in Principal Cities 
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A glass yarn ‘skeleton...with an asbestos “skin 


With new Quinorgo R-4...you get high mechanical 
Strength and lasting dielectric properties in one sheet 


Need an insulation paper with the excel- 
For the first time lent handleability that results from high 
jesesdbesisabiisesianepresinsisbeenanseians mechanical strength? 
J-M Fiber Glass Yarn Because L-O-F Glass Fibers Company has 
joined the Johns-Manville family, you can 
and J-M Asbestos Fiber now get excellent handleability along with 
good lasting electrical properties in new J-M 
: . inorgo” R-4. 
are integrally combined an a 
—_--S——— An open cloth of tough Vitron fiber glass 
: . . rarn—the same uniform, low-twist yarn 
in a sin as | — 
$ gle insulation widely used for efficient magnet wire pro- 
duction—provides great strength in both 
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...NOW gives you 2-ways-better insulation 


machine and cross-machine directions. Pre- 
vents tearing, penetration; gives improved 
handleability for today’s high-speed fabrica- 
tion techniques. The glass fibers resist mois- 
ture... won't shrink or swell . . . and they 
withstand temperatures up to 1000 F. 


Need dielectric properties that stand up 
under high operating temperatures? 


You get lasting dielectric strength in new 
Quinorgo R-4. Highly purified asbestos fiber 
—formed integrally with the glass yarn as 
part of the papermaking process — retains 


its electrical properties under high-sustained 
operating temperatures. The asbestos has 
near-unlimited thermal resistance, too. 

Quinorgo R-4 is currently supplied in 10- 
mil caliper for rotating equipment. For this 
or other electrical insulation needs, contact 
your nearby Johns-Manville representative. 
In addition to Quinorgo R-4, he can supply 
a wide range of asbestos-based insulations 
treated with Class B, F, or H resins. Send 
for helpful data sheets. Johns-Manville, Box 
14, New York 16, N. Y. In Canada: Port 
Credit, Ontario. 


Jouns-Manvitte Jj 


PRODUCTS 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
(either in cash or check). Please 


include 3% City Sales Tax on orders 
for New York City delivery. Make 
checks payable to ELecrricaL MAnvu- 
FACTURING. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, the follow- 


ing prices (which include shipping 
charges) per copy apply: 


Reprint Title Quantity 
& 25 
Properties of Plastics 90 75 
The Electric Field 90 
Shock and Vibration 90 
Key to Metals 90 
Heat Flow Theory 90 
Ferromagnetism 90 
Fourier Analysis .90 
Semiconductor Theory 90 
Boolean Algebra 80 
Slide Rule Mathematics —.90 
Casting Resins Lio 14 


Gt OL OL OL OL OL OLY 
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Prices for larger quantities 


available on request. 


a 


The Fundamental Properties of Plas- 
tics. August 1959, 16 pages plus 
cover. The fundamental science of 
polymeric materials is related to de- 
sign engineering properties of plas- 
tics in this “Basic Science and En- 
gineering” article. The discussion 
covers: the molecular formation of 
polymers; the chemistry of addition 
polymers; the chemistry of conden- 

polymers; the theoretical 

basis for mechanical, electrical and 
of polymers. 


sation 


chemical 
lables, graphs, bibliography and 


properties 


glossary are provided. Written by 
Thomas D. Callinan, Research 
Center, International Business Ma- 
chines Corp., and Alex. E. Javitz, 
Special Features Editor, ELectnrt- 
CAL MANUFACTURING. $1.00 


The Electric Field (an Electrical Ap- 
plied Physics Monograph). July 
1959, 12 pages plus cover, Con- 
tents include discussions of the 


following: 


e Electrostatics: the concept of 


ORDER FORM 


Please enclose remittance (cash or check) with your order. 


No. of 
copies 


Fundamental Properties of Plastics 


The Electric Field 


Fundamental Nature of Shock and Vibration 


Key to Metals in Design Engineering 


Heat Flow Theory 


Fundamentals of Ferromagnetism 
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Introduction to Semiconductor Theory 


Engineering Applications of Boolean Algebra 
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. ZONE 
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forces between charges at rest; 
the theory of an_ electrostatic 
force field surrounding a charge, 
and a mathematical description 
of the field in terms of intensity 
vectors. 
Electric Fields in Free Space: 
the effects of movement of a 
charged particle about an elec- 
tric field and definitions of the 
energy changes’ involved in 
terms of charge and work. It is 
shown that the potential at a 
point is a unique function of 
position. 
Electric Induction: discussion of 
the inverse-square law in terms 
of the Gaussian theorem; the 
distribution of point charges; 
equations of Laplace and Pois- 
son. 
Capacitance: the effect of dielec- 
tric on field distribution. The 
mechanism of polarization. 
Mechanical Considerations: phy- 
sical stress on the surface of a 
conductor and on a dielectric 
interface. 
Field Effects in Devices: piezo- 
electric devices, capacitive trans- 
ducers, vacuum tubes, semicon- 
ductor devices. 
Written by Paul G. Jacobs, Asso- 
ciate’ Editor, ELecrricAL MaAnvu- 
FACTURING. $1.00 


The Fundamental Nature of Shock 
and Vibration: Theory, Character, 
and Mechanism of Damage, Prin- 
ciples of Testing. June 1959, 20 
pages plus cover. In this “Basic 
Science and Engineering” article, 
basic factors are discussed, ana- 
lyzed and related to the function 
of equipment and system design. 
The nature of shock and vibration 
is given in terms of classical phys- 
ics and mechanics. The major 
types of vibration are discussed 
(periodic, random, structural and 
airborne); also the major types of 
shock (velocity, simple impulse, 
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2 STUDS Me 440 WC 2A THREAD 


SClIDK 
6,12, 24, 36 Volts 


SCc11D 
6,12, 24, 36 Volts 


i 
~ 35-4 


2 TYPES » 4 MOUNTINGS «+ 4 VOLTAGES 


SC11DB 
6, 12, 24, 36 Volts 


$9) mar —+- 3 
“947 


2 STUOS Me 440 WC 2A THREAD 


SLIIDK 


SLIID 
6,12, 24, 36 Volts 


6,12, 24, 36 Volts 


375 ~4 


SL11DB 
6,12, 24, 36 Volts 


SLIIDA 


. 38 mar 


6, 12, 24, 36 Volts 


Off the shelf dolivory FROM YOUR P&B DISTRIBUTOR 
3a STANDARD P&B CRYSTAL CASE RELAYS 


SC and SL SPECIFICATIONS: 
Shock: 100g for 11 millisec. 


Vibration: 30g from 55 to 2000 cps 
195” max. excursions from 10 to 55 cps 


Prototype or small-production-run 
quantities of P&B’s micro-minia- 
ture relays are now available from 
your local electronic parts distribu- 
tor. Choose from 2 types, 4 mount- 
ings, 4 coil voltages—32 models 
in all. 

P&B’s dual coil, permanent 
magnet, crystal case relays remain 
operative under 100g shock, 30g to 
2000 cps vibration. Modern White 
Room production facilities assure 


highest possible reliability. 

The SC conforms to standard 
dimensions and circuitry, and can 
replace ordinary relays of the same 
size. 

The SL, a latching relay, utilizes 
the dual-coil, permanent magnet 
principle to provide a highly effi- 
cient, tenacious latch, assuring high 
contact pressure. 

Order today from your local electron- 
ics parts distributor. 


Ambient Temperature Range: 
—65 C.to +125 C. 


Contact Arrangement: dpdt 
Contact Load: 2 amps at 30 vde 
1 amp at 115 vac, 60 cycle 
Sensitivity: 
SL—230 milliwatts at 25°C. with 
630 ohm coil 


SC—260 milliwatts at 25 C. with 
550 ohm coil 


Gy) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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this FREE bulletin 


tells you all about 
the new WATLOW 


CARTRIDGE HEATER 


An amazing concentration of heat in 1, 5th the 
space of ordinary units. 


Tests that prove longer operating life at higher 
watts densities — 5 to 10 times the life of ordinary 


for your free units. 
copy now! Methods for determining your operating needs 
(charts, etc.) . .. for all this, and more — 


WATL OW 


ELECTRIC MANUFACTURING CO. 


1362 Ferguson Avenue 


Saint Louis 14, Missouri 
Circle 193 on page 17 


NYLON 
BOBBINS 


@ Strength in thin sections virtually 
eliminates breakage of coil forms 
during coil winding operation. 
High Dielectric Strength 
Resistance to heat and deformation 
Toughness 
Light Weight 
Lasting Resilience 
Easier Handling 


. ++ These properties in Cosmo Nylon 
Bobbins will end your search for a 
new way to simplify design and 
reduce your coil production costs. 
The new and modern plant is equipped 
with manufacturing facilities and 
engineering know-how to accurately 
produce nylon bobbins that will meet 
your most exacting requirements. 
Send in your specs or write for data 
brochure and samples, 


SALES DIVISION OFFICES 
Arizona, California, Col_rado, Connecticut, IIlino.s, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Wasaington and Canada 


COSMO PLASTICS COMPANY 


3239 WEST 14 STREET + TOwer 1-5597 * CLEVELAND 8, OHIO 
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single complex and multiple). 
Combined environments are also 
treated. A section is devoted to the 
effects of shock and vibration on 
missile electronic components. 
Types of damage are tabulated 
and analyzed; principles of testing 
are given; specifications are sum 
marized. An_ extensive Glossary 
and Bibliography are included. 
Author is Dr. Irwin Vigness, Head, 
Shock and Vibration Branch, Me- 
chanics Division, U. S. Naval Re- 
search Laboratory. $1.00 


Key to Metals in Design Engineering, 


May 1959, 24 pages. Basic princi- 
ples of metallurgy are presented. 
Structural characteristics of metals 
are explained and related to design 
concepts. Physical and mechanical 
properties of metals are defined and 
illustrated by tables and charts. The 
nature and specifications of metals 
are detailed for better understand- 
ing of current literature. The effects 
of environment and mechanisms of 
damage are shown and illustrated. 
Iron and steel, alloys of aluminum, 
precious and rare metals, copper 
nickel and magnesium are pre 

sented in their basic design re- 
lationships to fundamental proper 
ties. Written by S. H. Avner, N.Y.( 

Community College, and Harold E. 
Barkan, Associate Editor, FE Lrc 
rRICAL MANUFACTURING. $1.00 


Heat Flow Theory, April 1959, 20 


pages. A concise review of the 
major analytical techniques that 
have been developed over! the vears 
to solve one of the commonest gen 
eral problems in electrical and 
mechanical design—heat dissipation 
or thermal rating. Basic equations 
for conduction, convection and ra 
diation are derived. Dimensional 
analysis is used to establish the 
parameters and the various “num- 
bers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions, Empirical equations are 
solved using simulated experimental 
data. Examples from electrical and 
electronic (transistor) applications 
are worked out to pinpoint the 
theory and to upset some precon- 
ceived notions. Written by Allan D. 
Kraus, an electrochemical engineer 
presently working on heat transfer 
problems at Sperry Gyroscope Com- 
pany, who has drawn on a wide 
background in solving heat flow 
problems. $1.00 


Fundamentals of Ferromagnetism, 


March 1959, 32 pages. A new ap- 
proach to the study of magnetism, 
derived from modern solid-state 
physics. Explains magnetic behav- 
ior and properties of magnetic 
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THIS PLUG 


STAYS 


IN 
THE 
OUTLET 


GRIP PRONGS®* give dependable service on all electrical 
< | 


equipment. Available on the better complete cords only. 


GRIP PRONGS* Expand and 
actually grip sides of slot. 


Plug stays in—good contact 


even in worn outlets. 


Maintains the best possible 


electrical connection. 


Prevents damage to electrical 


contacts in the receptacle. 


Positive electrical contacts — No 
strain. No damage. 


Belden 


WIREMAKER FOR INDUSTRY *U.S. Patents: 2,439,767; 2,671,205 
SINCE 1902 Canadian Pat 438,585; 506,94¢€ 
CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable « Electrical Household Cords ¢ Electronic Wires * Automotive Wire and Cable 
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PALNUT Lock NUTS and FASTENERS 
El ° ° ,, 


one or more of these assembly parts or operations 


% 


fa oh ht, Se Ordinary 
sige > Sealing Washers Tapped Nuts 


Cotter Pins Threading Drilling Annular 
Holes Grooves 


‘ 


A Spring tempered steel Palnuts, with the dependable 
double-locking thread form, are available in many 
stock types and sizes to meet practically any assembly 
need. Here are typical advantages: 


e Low cost—less than other locking devices, often less than plain nuts 


e Easy, fast assembly with ordinary manual or power tools, extra fast 
with Palnut Magnetic Wrenches 


e Save Parts. One Palnut replaces 2, 3, even 4 parts according to 
application 


@ Save Space by eliminating auxiliary parts 
@ Save Weight— up to 85% reductions in fastener weight 


e May be removed and re-used. 


FASTENERS for Unthreaded Studs, Rods, Pins, etc. 
SELF-THREADING NUTS PUSHNUT® FASTENERS 


Save threading costs. Form Simply push on unthreaded 
their own deep, clean threads studs, rod, wire or rivets. Strong 
while tightening on studs of any spring grip resists removal. 
malleable material, including Save threading, grooving, drill- 
aluminum or zinc die-cast; also ing for cotter pins. Low in cost, 
rods, shafts, wire or pins of fast assembly. Many types 
steel, aluminum, brass or plas- and sizes. 

tic. Fast assembly with stand- 

ard tools. Vibration-proof grip, 

whether seated or unseated. Re- 

move and reuse on same studs. 

Sizes for Ye", 4)", Ye" and %" 

dia. Write for Bulletin 585-A, 


Write for Catalog 573-C and Free Samples, stating type, size and application. 


THE PALNUT COMPANY, 66 Glen Road, Mountainside, N. J. 
in Canada: P.L. Robertson Co., Ltd., Milton, Ont. 


on LOCK NUTS 
Na OR FASTENERS 
Quick, secure fastening at low cost 
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materials in terms of fundamental 
electron interactions. Includes: 


e Origins of Ferromagnetism. Mag- 
netic moments, atoms, solids, 
spin-spin interactions, the search 
for 5-Bohr magnetons. 

Internal Structure of  Ferro- 
magnetic Materials. Uniform 
magnetization, magnetic curling, 
domain walls and domain wall 
formation. 

Magnetization Curves. Major 
hysteresis loops, virgin magneti- 
zation curves, minor hysteresis 
loops. 

Time Effects in Soft Materials. 
Eddy currents, energy loss in 
magnetic systems. 

Effects of Atomic Ordering in 
Alloys. 

Interactions for Heterogeneous 
Systems. 

Magnetic Materials of the Pres- 
ent and Future. Iron,  silicon- 
iron, iron-nickel alloys, iron-co- 
balt, materials with 7 Seu: 
ferrites, permanent magnet ma- 
terials. 


Written by Anthony Arrott and 
J. E. Goldman of The Scientific 
Laboratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, 


February 1959, 16 pages. Fourier 
analysis, one of the oldest mathe- 
matical-engineering tools, is usable 
as a design approach in the widest 
range of applications. In system and 
subsystem design, it permits the 
engineer to design or select devices 
for a particular transient perform- 
ance solely on the basis of their 
steady-state sinusoidal performance. 
Many control-system engineers use 
aspects of Fourier analysis without 
recognizing the source of their 
methods. A thorough theoretical 
background on Fourier analysis is 
presented plus a discussion of the 
areas of application with specific 
examples to point up_ particular 
problems which are often en- 
countered. Written by Ira Ritow, 
Airborne Instruments Lab. $1.00 


Introduction to Semiconductor Theo- 


ry, January 1959, 24 pages plus 
cover. A detailed discussion of con- 
duction processes in semiconductors 
written for the design engineer and 
presented as a basis for understand- 
ing the physical principles of oper- 
ation of semiconductor components. 
Classes of devices are described 
by simplified mathematical and 
graphical representation of para- 
meters in terms of operating point 
and temperature. Theory of solids 
is presented, followed by a discus- 
sion of the qualitative aspects of 
semiconductors. P-N junction and 
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e 1,000,000:1 rejection ratio at 60 cps 


LOW LEVEL INPUT 


e floating input 
AMPLIFICATION —— 


¢ isolated output 


IN <4 NEW SANBORN 


CHOPPER AMPLIFIERS 


INDIVIDUAL SET-UPS 


portable, self-contained unit amplifier 


The Model 350-1500 Low Level Amplifier provides extremely versatile 
measurement of low level signals through use of two interchangeable 
plug-in circuits — one for thermocouple applications, another for DC 
strain gage work (other plug-ins now in development). Floating input 
and isolated output make the 350-1500 useful when signal measurements 
are made in the presence of large ground loop voltages. The 10-1/2” high 
x 4-3 16” wide 350-1500 may be used individually with its own power 
supply to drive a ’scope, meter, optical element, etc. or as a preamplifier 
in 6- or 8-channel 350 series recording systems. 


sP 


ECIFICATIONS 


350-1500 850-1500A 


MULTI-CHANNEL 
INSTALLATIONS 


8-unit 7” high modules for 
“850” series direct writers 


Compact Model 850-1500A Low 
Level Preamplifiers are economi- 
cal, space-saving units for large 
installations such as aircraft and 
missile development and test fa- 
cilities where many recording 
channels are used to monitor 
strain gage and 
outputs. Required 440 eps chop- 
per drive voltages can be supplied 
for up to 16 channels with the 
Model 850-1900 MOPA. 


thermocouple 


Sensitivity 


Input 


Input Impedance 


Output 


Output Impedance 


Output Capabilities 
Bandwidth 


Linearity 


Common Mode 
Performance 


20 uv input for 1 volt 


output, or 10 chart 


div. with Sanborn re-. 


corder; X1 to X2000 
attenuator 


100 uv input for 1 volt 
output, or 10 chart 
div. with Sanborn re- 
corder; Xl to X200 
attenuator 


Floating, can be grounded 


100,000 ohms 


200,000 ohms 
Floating or grounded (independent of input) 
350 ohms _— 
+2.5 volts across 1000 ohm load 


“DC—100 eps (3db) 


+0.1°7 of full scale 


120 db for 60 cps and 160 db for DC with 5000 
ohms unbalance in source 





Noise 


Drift 


2 uv peak-to-peak over a 0 to 100 cps bandwidth 





+2 uv for 24 hours 





Gain Stability 


+0.1% for 24 hours 


(specifications subject to change without notice) 


Complete specifications and application data are available from 
Sanborn Sales-Engineering Representatives in principal cities 
throughout the United States, Canada, and foreign countries. 


SANBORN S@Ww COMPANY 


INDUSTRIAL DIVISION 


175 Wyman 
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Street, Waltham 54, Mass. 
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TWO RELAYS IN ONE 


a time-delay relay 
and aload carrier, too 


Kind of small, this Heinemann Type A Relay. Weighs 
only three ounces. Yet, it can do two jobs for you. In addi 
tion to providing a controlled time delay (anywhere from 
14 to 120 seconds), it can serve as a load carrier, itself 
The relay may be energized continuously. This simplifies 
things nicely. You don't have to use auxiliary lock-in circuits 
or load relays—not unless you need more than three amps’ 


contact Capacity 


D.P.D.T. switching is clean and decisive, just as it should 
be for healthy operation. The timing element is hermetically 
sealed, and this, too, keeps the relay in top form throughout 


its long service life 


Cost? Definitely calculated to win favor and influence yout 
buying decision. Check on it, you'll see 


FOR DETAILED SPECIFICATIONS, REQUEST BULLETIN 5003 


Be & 


ELECTRIC COMPANY 


99 Plum St., Trenton 2, N. J. 
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metal-semiconductor contact theory 
is described and the effects of volt- 
age, temperature, and other ex- 
ternal influences are analyzed. Tran- 
sistor theory is then presented in 
terms of the basic conduction proc- 
esses in a p-n junction. Written by 
Ruth F. Schwarz, Research Div., 
Philco Corp. $1.00 


Engineering Applications of Boolean 


Algebra, 68 pages. A design guide 

to the analysis and synthesis of 

switching circuits and logic sys- 

tems—botl combinational and _ se- 

quential—in any medium: mechani- 

cal, electrical, hydraulic, electronic 

or solid state. Includes five pre- 

viously published articles plus a 

never-before-published appendix. 

e Language and Laws of Boolean 
Algebra 

e Analyzing Combinational  Cir- 
cuits by Boolean Matrices and 
Karnaugh Maps 

e Analyzing Specifications and De- 
signing Circuits 

e Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 

e Designing Sequential Circuits 

ee 

e Electronic Sequential Circuits 

e Tabular Reduction Techniques 

e Selected Bibliography 
Written by Boris Beizer, Airborne 

Instruments Laboratory, and Ste- 

phen W. Leibholz, Republic Avia- 

tion Corporation. $2.00 


Five-Year Annotated Editorial Index 


to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period from 1951- 


1955. $1.50 


Slide Rule Mathematics, 20 pages, 


plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out, A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples are given. Major topics 
inciude: 
e The Basic Slide Rule 
e Variations on Basic C-D Opera 
tion 
e Trigonometry 
e The Log-Log Scales 
(Continued on page 201) 
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First wrap applied to this coil is unsupported silicone- ing, a wrap of glass-supported tape; finally, a wrap of 
rubber tape, rectangular or triangular-cut; then, for armor- ‘‘Dacron"’-and-glass for abrasion-resistance. 


The Porter line of silicone tapes for Class H and Class B 


® insulation gives you the widest selection now available. Unvul- 
ILI NE AP canized, semi-vulcanized, and self-bonding silicones are 
I calendered on square-cut glass cloth, bias-woven glass cloth, 


or ‘Dacron’’-and-glass, depending on your needs. Extruded 
. e and calendered unsupported tapes are available to you in rec- 
the industr S tangular or triangular shapes, cured, semi-cured, or self-fusing. 
see These materials, used singly or in combinations, are designed 
; to provide you with degrees of elongation, dielectric strength, 
= and other properties for all winding needs. 
most comp ete ine Get full information on Porter Silicone Tapes by writing 


Thermoid Division, H. K. Porter Company, Inc., Tacony & Comly 
Sts., Philadelphia 24, Pa. 


THERMOID DIVISION |')\|!1}{!| +.4.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; 

Copper and Alloys—RIVERSIDE-ALLOY METAL DIVISION: Refractories—REFRACTORIES DIVISION; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL DIVISION; 

Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY DE MEXICO, S.A.; 
and in Canada, Refractories, “Disston” Tools, “Federal” Wires and Cables, ‘““Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 
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VOLTAGE 


RECTIFIERS 


in reliable, subminiaturized packages 


You'll find Hughes silicon rectifiers ideally 
suited to design problems which combine 
high voltage with small size. In fact, 
Hughes rectifiers can handle more voltage 
than any rectifiers of comparable size. 

You also get high reliability. Packaged 
in the Hughes glass envelope —proven de- 
pendable throughout many years of test- 
ing and use —this rectifier will stand up 


under highly adverse operating conditions. 

Hughes silicon rectifiers are also pack- 
aged in modules in various configurations, 
such as: ring modulators, matched pairs 
and quads, etc. 

The complete line of Hughes rectifiers 
...with 50 to 1000 volt ratings at 50 to 200 
mA...is available for immediate delivery— 
and in large volume quantities. For addi- 


RATINGS AND SPECIFICATIONS: Absolute Maximum Ratings at 25° C. 


Max. Average 
Rectified 
No Current mA 


JEDEC 


1N846 
1N847 
1N848 
1N849 
1N850 
1N851 
1N852 
1N853 
1N854 
1N855 
1N856 


Max. Surge 
Current JEDEC 
One Cycle (amp No PIV 


1N868 
1N869 
1N870 
1N871 
1N872 
1N873 
1N874 
1N875 
1N876 
1N877 
1N878 





1N857 
1N858 
1N859 
1N860 
1N861 
1N862 
1N863 
1N864 
1N865 
1N866 
1N867 


Storage temp 
Max. Leakage current full cycle average 20,A 


Creating a new world with ELECTRONICS 


tional information, you are invited to write 
or phone the Hughes Semiconductor sales 
office or distributor nearest you. Or write: 
Hughes Products, Marketing Department, 
SEMICONDUCTOR DIVISION, NEWPORT 
BEACH, CALIFORNIA. 


For export write: Hughes International, 
Culver City, California. 


Max. Average 
Rectified 
Current mA 


Max. Surge 
Current 
One Cycle (amp 


ooocoooooooo 





1N879 
1N880 
1N881 
1N882 
1N883 
1N884 
1N885 
1N886 
1N887 
1N888 
1N889 


OOOO nin inion in 


65° to +-200°C 
Cycle 6 Volts 


Typical Full Load Forward Voltage Drop Full 


HUGHES PRODUCTS 


21959, HUGHES AIRCRAFT COMPANY 


ROWAVE TUBES * VACUUM TUBES AND COMPONENTS * CRYSTAL FILTER CILLOSCOPES * INDUSTRIAL 
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Order off-the-shelf quantities of HIGH VOLTAGE 
HUGHES RECTIFIERS at factory low prices from 
the following exclusive distributors: 


Akron Electronic Supply 
107 South Arlington; Akron 6, Ohio 


Allied Radio Corporation 

100 North Western Avenue; Chicago 80, Illinois 
Arrow Electronics, Inc. 

525 Jericho Turnpike; Mineola, Long Island, N.Y 


East Coast Radio and TV Co. 
1900 North West Miami Court; Miami 36, Florida 


Eimar Electronics, Inc. 
140 Eleventh Street; Oakland 7, California 


Radio Shack Corporation 
167 Washington Street; Boston 8, Massachusetts 


Radio Specialties and Appliance Corporation 
917 North Seventh Street; Phoenix, Arizona 


Radio Specialties Co. 
456 Charlotte Avenue; Detroit 1, Michigan 


Radio Specialties Co., Inc. 
209 Pennsylvania Ave.; Alamogordo, New Mexico 


Terminal Radio Corporation 
85 Cortiandt Street; New York 7, New York 


Western Radio and Television Supply Company 
1410 India Street; San Diego, California 


Federated Purchaser, Inc. 
11275 West Olympic Blvd.; Los Angeles 64, Calif. 


Federated Purchaser, Inc. 
1021 U.S. Route 22; Mountainside, New Jersey 


Gifford Brown, Inc. 
618 First Street, N.W.; Cedar Rapids, lowa 


Graybar Electric Company, Inc. 
1107 Foch Street; Fort Worth, Texas 


Graybar Electric Company, Inc. 
717 Latimer Street; Dallas, Texas 


Hudson Radio and TV Corp. 
48 West 48th Street; New York 19, New York 


Kann-Ellert Electronics, Inc. 

9 South Howard Street; Baltimore, Maryland 
Kann-Ellert Electronics, Inc. 

2414 Reedie Drive; Silver Spring, Maryland 
Kierulff Electronics, Inc. 

820 West Olympic Bivd.; Los Angeles 15, Calif. 


Morris Distributing Co., Inc. 
195 Water Street; Binghamton, New York 


Morris Distributing Co., Inc. 
1153 West Fayette Street; Syracuse, New York 


Newark Electric Company 
223 West Madison Street; Chicago 6, Illinois 


Newark Electric Company 
4747 West Century Blivd.; Inglewood, California 


Radio Electric Service Co. of Pennsylvania, Inc. 
7th and Arch Streets; Philadelphia 6, Pa. 


Mytronic Company 
2145 Florence Avenue; Cincinnati 6, Ohio 


$< lI ®—_____ 
SEMICONDUCTOR DIVISION SALES OFFICES: 
BOSTON, 4 Federal Street; 
Woburn, Mass.; WOburn 2-4824 


MINNEAPOLIS, 6121 Excelsior; 
Minneapolis 16, Minn.; WEst 9-0461 


NEWARK, 80 Mulberry Street; 
Newark 2, N.J.; MArket 3-3520 


SAN FRANCISCO, 535 Middlefield Road; 
Palo Alto, Calif.; DA 6-7780 


SYRACUSE, 224 Harrison Street; 
Syracuse 2, N.Y.; GRanite 1-0163 


CHICAGO, 1515 N. Harlem Avenue; 
Oak Park, Illinois; NAtional 2-0283 


CINCINNATI, 816 Swifton Center; 
Cincinnati, Ohio; ELmhurst 1-5665 


PHILADELPHIA, 1 Bala Avenue; 
Bala-Cynwyd, Penn.; MOhawk 4-8365 


LOS ANGELES, 690 N. Sepulveda; 
El Segundo, Calif.; OR 8-6125 
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Vector Diagrams 
Hyperbolic Functions 
Phasor Calculations 
The Circular Slide Rule 
Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELEcTRICAL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
| Design.” $1.00 
| Casting Resins and Application Tech- 
| niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
property data casting resins; 
evaluation tests on resin systems; 
results of environmental tests on 
embedded _ units; contro] 


on 


process 


| 


problems. Annotated bibliography | 


of articles is included. 


For 
Editorial Reprints 


other article reprints, see the 
Available Section 


starting on page 180. 


Postcard return forms are provided 
on page 17 as a convenience to the 


reader in obtaining — 


New Components: and Materials 


Additional data from the sup- 


plier of any item reviewed. 


Literature for the Design 
Engineer 


A copy of any manufacturer’s 


publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 


articles. 


Advertised Products 
More information on any prod- 


uct or service described. 


$2.00 | 


MOG 
motors and 
circuits with 


MINI-BREAKER: 
17 
appliance makers 
say it really cuts 
service problems, 
adds sales spark 


& 
PUSH-BUTTON RE-SET MODELS 
: FOR CIRCUIT AND 
~~ REMOTE MOTOR PROTECTION 


MODELS FOR SURFACE MOUNTING 
THAT RE-CYCLE AUTOMATICALLY 


Here are sure, positive protectors 
against motor burn out and dangerous 
circuit overload. But they can be factory 
set for any time lag you may desire so 
normal overloads can be tolerated 
without nuisance trips. Easy mounting 
without harness saves money. Ratings 
to suit every appliance. 


WRITE FOR NEW 
MINI-BREAKER, 


| MOTOR & CIRCUIT PROTECTION 
| CATALOG 


MECHANICAL PRODUCTS, Inc. 


i8 RIVER ST., JACKSON, 


) 


24 MICH 


Circle 200 on page 17 





FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 


Literature 
for the 


{1l-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


PLASTICS CATALOG 


pages on plastic sheets. rods, 


Catalog of 64 
tubes, 
films, blocks and flat tubings includes 
available sizes, weights, color ranges, 
textures, purchasing specifications and 
grades. Also 2-page comparison table 
of chemical, electrical and mechanical 
properties for acetate, acrylic, butyrate, 
Implex, Kel-F, Mylar, nylon, phenolic, 
polyethylene, polystyrene, high impact 
styrene, Teflon and vinyl in cast, ex- 
truded, molded and laminated shapes. 
Cadillac Plastic & Chemical Co. 632 


PRESSURE SWITCHES——Fach of 36 
pages in Design Handbook and Catalog 
PS-59-60 of 
phragm, bourdon tube, or piston) con- 


Meletron switches (dia- 


tains detailed information on electrical 
and operating characteristics, ordering 
chart, adjustment instructions, spare 
parts table, parts blowup of model, and 
dimension diagram. Includes glossary 
of terms, pressure-switch — selection 
chart, electrical rating tables, functional 
schematic symbols, general operating, 
engineering and service data. Barksdale 


Valves. ~>633 


HEATING UNITS AND EQUIPMENT 
—Catalog 60 contains 64 pages of 
data on Chromalox strip, ring, tubular 
and cartridge heating elements; im- 
mersion heaters; circulation heaters; 
fiexible and molded heaters; thermo- 
stats and controls; heating cable; and 
other heating equipment. Last 8 pages 
contain technical information includ- 
ing calculating heat requirements; ex- 


202 


amples for air, liquid and soft-metal 
heating; application data on specific 
heats: electrically-heated steam calcu- 


lator. Edwin L. Wiegand Co. > 634 


ALUMINUM WELDING—Spiral-bound 
book ADI 1258 of 120 pages includes 
such topics as weldability of aluminum 
and its alloys, definitions and technical 
discussions of gas-shielded metal-arc 
and tungsten-inert-gas welding proc- 
esses, selection of proper process for 
certain job applications, descriptions 
of manual and automatic equipment, 
welding power supplies and_ safety 
practices. Contains charts and photo- 
graphs. Heliwelding 
equipment is described. Air Reduction 


> 635 


Aircomatic and 


Company, Ine. 


TELEPHONE EQUIPMENT AND SUP- 
PLIES 


on components such as 


Catalog 12 contains information 
crossbar 
switches, telephone-type and gang re- 
lays as well as telephone equipment. 
Carrier equipment, microwave and radio 
equipment included. Kellogg Switch- 
board and Supply Co. “> 636 


LAMINATED PLASTIC GRADES—De- 
signer’s Fact Book of 205 pages de- 
scribes more than 50 laminated plastic 
grades. Spiral-bound manual contains 
comparator chart itemizing qualities 
of most popular grades, listing of ma- 
terials by military specification number, 
plus designer’s information on all 
standard and special grades. Uses for 


laminate grades are suggested. Each 
product listing contains specification 
sheet with information on physical and 
electrical characteristics. Formica Cor- 
poration. > 637 


PLASTICS R & D FACILITIES Bulle- 
tin RPR-1 briefly describes research, 
development and pilot plant operations 
which are available to industry. Prod- 
ucts include ceramoplastics, elastomers, 
cements and adhesives. Applications, 
properties and composition of typical 
products and materials are included. 
Bulletin RPR-2 contains data on abla- 
tion-resistant plastics material and ap- 
Plastics Plant, Raytheon 


> 638 


plications. 
Company. 


ROLLER BEARINGS PL-559 
gives information on features, applica- 


Catalog 


tions, and availability of nine principal 
lines of roller bearings. Catalog de- 
scribes general features and indicates 
range of bearing sizes. Rollway Bearing 


Co. -> 639 


KEY TO BEARING FITS 


manual contains instructions on prevent- 


Fight-page 


ing premature bearing failures, proced- 
ures on obtaining accurate bearing fits 
easily and economically, and engineer- 
ing data. Reasons for bearing fitting 
are described. Installation charts pro- 
vided. Bearing Inspection, Inc. 640 
RESISTOR, 
CATALOG 
lists over 1700 stock variable resistors, 


CAPACITOR, SWITCH 
Catalog 31 of 40 pages 


ceramic capacitors, switches and pack- 
aged circuits. Products included are 
variable 
resistors with ratings of 100 k ohms. 


miniature 5-watt wirewound 
10-volt miniature capacitors for transis- 
tor circuits and variable resistor kits 
Industrial switch cross-reference table 
and explanation of JAN code for 
ceramic capacitors also — included. 
Centralab. Division of Globe-Union, 
Inc. > 641 


BOXES, CABINETS AND ENCLOSURES 

Catalog 159-B contains descriptions 
and specifications for housings and en- 
closures such as cut-out boxes, screw- 
cover boxes. NEMA 12 control-panel 
enclosures, JIC terminal and _ pull-box 
enclosures, pushbutton enclosures and 
custom boxes and cabinets. Sixteen 
pages. Keystone Manufacturing Com- 
pany. > 642 
FHP MOTORS—Bulletin 103D9 listing 
138 standard type electric motors con- 
tains specifications for motors from 
1/30 to 1 hp. Motors in 4-page bulletin 
are TEFC NEMA 42, 48 and 56 frame 
sizes. Motor Appliance Corp. > 643 


SYNCHRO DATA CHART-—Detailed 
definitions of electrical parameters of 


synchros and resolvers are given on 
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How Indiana Steel's engineers 
help you solve micro-wave 
magnetic problems 


Engineers at The Indiana Steel 
Products Company are in constant 
contact with leading manufacturers 
of micro-wave equipment on prob- 
lems involving permanent magnets. 
Consultations with Indiana’s magnet 
specialists have resulted in time and 
cost savings — often eliminating 


expensive redesign. 


CASE IN POINT: 
A leading micro-wave component 
manufacturer. Problem: Produce a 
special load isolator magnet to fit 
smaller space contour in a new radar 
unit. Also, deliver the new magnet 
to the customer in 12 days. 
Solution: Indiana engineers turned 
to their previous design files, se- 
lected an existing magnet and modi- 
fied it to meet the new size specifi- 
cations. Gauss tests showed that the 
new design met the customer’s 
specified magnetic field range. The 
magnet was delivered within the 


time specified. 


This is just one of many hundreds 
of cases where Indiana permanent 
magnet specialists have applied their 
unequaled experience to solve a mag- 
net problem ahead of a customer’s 
deadline. Indiana not only has the 
engineering know-how, but also 
manufacturing equipment from pre- 
viously designed magnets which may 


Sales Offices in: 


Boston, Chicago, Cleveland, Los Angeles, 
New York, Philadelphia, Rochester 
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be quickly adapted to meet special 
requirements. 


THREE BASIC DESIGNS FOR 
LOAD ISOLATOR APPLICATIONS 
Permanent magnet specialists at 
Indiana Steel utilize three basic 
magnet designs for load isolator ap- 
plications. These are, two variations 


of the C magnet, and the U magnet. 


U Magnet 


oe 


C Magnet 


All three of these designs can be 
varied to meet specific customer re- 
quirements. Actual size and shape of 
any individual magnet is dependent 
upon size limitation of the load iso- 
lator, and the magnetic field strength 


needed. 


WIDE EXPERIENCE IN 
MICRO-WAVE APPLICATIONS 
Magnet specialists at Indiana have 
designed and produced permanent 
magnets for a wide range of micro- 
wave applications including pm-focus 
traveling wave tubes, load isolators, 
radar magnetrons, backward wave 
oscillators. And, you can be sure the 
material selected is best for your 
particular application because Indi- 
ana Steel produces all permanent 
magnet materials. Our engineers will 
give prompt attention to your micro- 
wave problems or any other perma- 
nent magnet applications. Call your 
Indiana man or write us direct. Ask 
for Catalog No. 20, “‘Alnico V Load 


Isolator Magnets.” Dept. B-8. Flat C Magnet 


THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


EL PI 
PERMANENT 
WNC Laps 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 


WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 
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in many applications to 
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efficient in converting ro- 
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(or vice versa). Employs a 
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and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
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actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 
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ANY DIAMETER OR TRAVEL 


RAPID START 


NO BACKLASH 


EXTREME ACCURATE POSITIONING 


chart suitable tor wall mounting. Also 
iabulated are various connections for 
null measurement. Chart has been re- 
vised in accordance with releases of 
Navy Bureau of Ordnance Specifica- 
tion, MIL-S-20708 and Society of Auto- 
ARP-461. Theta In- 

> 644 


motive Engineers, 
strument Corp. 


VINYL-METAL LAMINATES 


tion on vinyl-metal laminates and their 


Informa- 
applications are described in 8-page 
brochure. Included are technical data 
and information on range of materials 
to which vinyl can be laminated, en- 
manutac- 


gineering. prototyping and 


turing facilities. design advantages 
and results of tests involving humidity 
and chemical resistance of vinyl-metal 
materials. Arvin Industries, Inc. 645 
NYLON 

WASHERS 


specifi ations of 


BOBBINS AND MOLDED 


rectangular, 
round and irregular-shaped nylon bob- 


square, 


bins of various sizes from 'xy-in. sq ID 
up. Nylon sizes vary from 
1y-in. ID x 14-in. OD to l-in. x 14- 
in. OD. Cosmo Plastics Co, 


washer 


LUBRICANT SELECTOR CHART 
tor Chart 121 evaluates every type in 
Molykote Lubricant line based on tem- 


Selec- 


perature. environment, methods of ap- 
plication, incorporation into common 
materials, and recommendations for 
various parts, operations and conditions. 
Brief technical description of each lub- 


Al pha-Molykote 
> 647 


ricant is included. 


Corp. 


ELECTRIC HEATING UNITS 


cylindrical and flat heating units, plus 


Semi- 


immersion heating units, are described 
Bulletin 158-A. Heating 
units are in 1800 and 2200 deg types, 
with immersion units ranging from 900 


in 4-page 


to 6500 watts. Bulletin has diagrams 
Hevi-Duty Electric 
> 648 


and dimensions. 
Company. 


SEALING PROCESS FOR POWDERED | 


METAL PARTS—Four-page booklet de- 
scribes process for avoiding porosity 
in powdered metal parts. Thermosetting 
iesin is impregnated into pores of 
powdered metal parts and cured. Parts 
may then be plated or machined. With- 
stands intermittent 

100 F approximately. 


Seal Co. 


temperatures to 
National Sinter- 


>649 


PLASTIC TELEPHONE CABLE—Tech- 
nical booklet on Alpeth (aluminum and 
polyethylene ) plastic telephone cable 
for use in aerial, duct and direct burial 
service contains 4 pages. Brochure dis- 


cusses application, construction and 
electrical characteristics and contains 
tabular data on insulation and binder 


» $50 


Continued on page 206) 


coding. Rex Corp. 


Data brochure contains | 


~646 | 


AUTOMATIC 


POSITIONING 


TO + .0O1” 


RAPID 


REPEATABILITY 


TO + .0005” 
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Burg Tool Mfg. Co., Gardena, 
Cal., uses Beaver Ball Screws 
for obtaining this exceptional 
eto E Th a D1 
tape controlled, turret drilling, 
tapping, boring ‘‘Burgmaster 
1ST e-) oe eT ae 
simplified operation with mini- 
mle tales 


CCTM Mal Sat aa 
tool builders use Beaver Bcll 
Screws, particularly in their 
tape controlled models. We 
offer complete engineering 
Tem leet std ile e 


j 

Deaver 
Drecision 
{ Droducts 


i INC. 
ae CLAWSON, MICH. 
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motors for commercial applications 


HIGHEST TORQUE FOR SMALLEST SPACES 


Missile designers are well acquainted with the extremely high torque available 
from a planetary geared precision miniature Globe motor. Units similar to 
the one pictured can produce up to 150 inch pounds of torque! 

And more and more designers are finding that these motors offer out- 
standing advantages for commercial applications as well. Universal, a.c., or 
d.c. types are available from 7%” to 214” in diameter. They can replace 
larger, ordinary motors at competitive cost, and deliver important bonuses 
too. They perform reliably under conditions that would soon ruin ordinary 
motors—high humidity and temperature, jarring shock and vibration, dust 
and fume-laden atmospheres. 

Globe speed reduced motors are engineered to fit your specific appli- 
cation as no “‘off the shelf’’ motor can. Standard component design is the 
secret; for example, 83 even ratio planetary reducers are available to give 
the speed and torque you need. Many parts are inventoried. Design and 
production efficiency will save you money. If you have a commercial 
application that demands a smaller, more powerful, more reliable and com- 
petitively priced motor, then consult Globe first. Write for Bulletin ACG. 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE INDUSTRIES, INC. GLOBE 


PR N MINIATUR A & O MOTOR ACTUATORS 
TIMERS GYROS STEPPERS BLOWERS MOTORIZED DEV 
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D-C CABLE FAILURES —Brochure  Ef- 
fects of D-C Tests and the Nature of 
D-C Failures in Cable Insulation” fea- 
tures discussion of observations derived 
from summary of d-c overpotential tests 
made at company’s factory and labora- 
tory and from field testing. All tests in 
Bulletin RCT 712 involved cable in- 
sulation of rubber or thermoplastic type 
designed for power applications al 
voltages generally in excess of 2000 
for either underground, aerial, con 
duit or other raceway insulation. Rome 


Cable Corp. >651 


MAGNETIC TAPE AND DRUM HEADS 

Eight-page brochure describes pre- 
cision tape and drum heads ranging 
from one to sixty-four channels. Con- 
specifica 


tains photographs, typical 


tions, and graphs of performance 
characteristics. J. B. Rea Co., Elec- 


tronics Div. >652 


GLASS PRESS TERMINALS —Three data 
sheets on PT Series terminals describe 
terminals which are pressed and locked 
into non-ferrous sheet materials having 
compressive yield strength of 30,000 
psi max. Fused-glass insulated terminals 
are available as feed-throughs and 
stand-offs with contact of nickel alloy 
and body of carbon steel. For hole 
sizes from 0.138 to 0.498 in. Rosan, 


VIBRATION EXCITER Release 1153 de- 
scribes exciter for environmental test- 
ing. Model C125 exciter can be used 
for conventional sine wave testing o1 
for random or complex motion tech 
niques. Vector force output is 10,000 
lb and frequency range is 5 to 2500 
eps. Weight of moving element is 100 
Ib approx, Axial resonance above 2500 
cps. Suspension provides l-in. double 
amplitude for continuous duty. Exciter 
Is liquid cooled for test chamber ap- 
plications in ambients from 100 to 

300 F and altitudes to 250,000 _ft. 
MB Manufacturing Co. > 654 


GUIDE TO LEAD-SCREW ACTUATED 


includes construction features, specifi- 


Four-page 


cations, photographs of Bourns Trim 
pot and Bourns Trimit potentiometers 
in tabular form. From Schweber Elec- 


> 655 


tronics. 


FHP MOTORS 
describes and illustrates fractional hp 


Catalog of 12 pages 


electric motors, blowers and special 
products. Shaded pole, permanent split 
capacitor, and d-c motors are illustrated. 
Dimension diagrams, standard ratings 
and other engineering information in- 
cluded. Redmond Company, Inc. ->656 


NICKEL-CLAD COPPER WIRE—Revised 
Technical Bulletin T-3 is designed as 


reference guide to properties, advan- 
tages and applications of nickel-clad 
copper wire. Charts show mechanical 
and electrical properties. Includes 
photographs of typical 
Riverside-Alloy Metal Dis 


Company, Inc. 


applications. 
H.K. Porter 
> 657 


SELF-THREADING NUTS—Fight-page 
Bulletin gives data on self-threading 
nuts which form their own threads 
while tightening on studs of any malle- 
able materials, including zine and 
aluminum die-cast; also on rods, wire 
and pins of steel, aluminum, brass o1 
plastic. Include engineering and as- 
sembly data, torque-tensile factors, ad- 
vantages, dimensions and typical ap- 


plications. The Palnut Co > 658 


MOTOR AND CIRCUIT PROTECTORS 

Motor-protection circuit breakers and 
breakers to protect against circuit over- 
loads are shown and explained in 32- 
page catalog and data file. 
Mounting dimensions and time-current 


6-page 


tripping characteristic curves are given 
for Military circuit breakers, two- and 
three-phase breakers, high-power break- 
ers, low-current breakers from 14 to 3 
amp and surface-contact motor protec- 


tors. Mechanical Products, Inc. ~~>659 


CARTRIDGE-TYPE SELENIUM RECTI- 
FIERS High-voltage, 


cartridge-type 


specialists in 

ELECTRICAL 
INSULATION 

FORMULATIONS 


Quality controlled formulations for 


® ELECTRICAL and ELECTRONIC MANUFACTURERS 


E OMNI-GLOW 


IMPREGNATING PERMANENT PILOT LIGHT 


pilot light 
with a great 
future... 


POTTING 


ENCAPSULATING Install it—forget it! Neon glow 


pilot light assembly outiasts 

| associated equipment— 

| provides life in excess of 

| 25,000 hours under most 

| severe vibration and shock 

| conditions. Completely sealed 
against ambient dust, or 
moisture. Extremely low 
current drain. Available in 
wide range of models... 


COATING 


SEALING 


WATER PROOFING 


/ 
Sere 0 Nyten Sid 
Fast, simple, permanent mounting 


through single 2” panel hole. Speed- 
nut supplied for tool-less attachment 


WRITE FOR BULLETIN NO. EP-56-48 (MOD 3) 


4516 BRAZIL STREET 
LOS ANGELES 39, CALIF. 


furane plastics 


INCORPORATED D 


FOR FUTURE TRENDS IN PLASTICS, FOLLOW furane 


WRITE FOR COMPLETE TECHNICAL MANUAL 
AND OMNI-GLOW CATALOG 


Industrial Devices, Inc. 


DEPT. 11, EDGEWATER, NEW JERSEY 
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SPS RELIABILITY 


A dynamic standard of predictable performance 


Precision of UNBRAKO Dowel Pins 


cuts cost in many applications 


Precise tolerances of +0.0001 inch and consistently uniform 
physical characteristics, maintained by automatic gaging, 
and atmosphere-controlled heat treatment, make UNBRAKO 
Dowel Pins reliable cost-cutters in many different applications. 


These precision products are so accurate that many plants 
use them as plug gages in numerous production operations. 
Others use them as guide pins, stops, wrist pins, hinges and 
shafts; as position locators on indexing machines; as feeler 
gages in assembly work; as valves and valve plungers on 
hydraulic equipment; as fasteners for laminated sections and 
machine parts; as roller bearings in casters and truck wheels. 


Your authorized SPS distributor stocks UNBRAKO Dowel Pins 
in two types: Blue Label Pins .0002 inch oversize to meet 
nominal press fit requirements; and Red Label Pins .001 
inch oversize for use as repair pins. 


See your nearest distributor for complete details. Or write SPS 
—manufacturer of precision threaded industrial fasteners 
and allied products in many metals, including titanium. 


Typical of the many applications of UNBRAKO Dowel Pins is 
this die. Here the pins are used to position laminated sections. 


STANDARD | OVERSIZE 


Nominal | 6002 inch over .001 inch over Top Bottom 


| diameter listed diameter listed : 3 
Diam. | Radius Radius 


Max. | Min. OTHER CHARACTERISTICS 
| OF UNBRAKO 
1.0642 0.0636 0634 0.015 0.005 DOWEL PINS 


1251 | 0.1261 1259 ba Veg 
1876 | 0.1886 .1884 64 leg © Surface Hardness: Rockwell C Scale: 60-62 





2501 0.2511 | .2509 “Me 64 © Surface Finish: 6 microinch maximum 
3126 0.3136 .3134 


3751 | 0.3761 3759 


4376 0.4386 4384 
5001 0.5011 | 0.5009 i © Average Shear Strength: 150,000 psi 


® Core Hardness: Rockwell C Scale: 50-54 


®@ Case Depth: .020 inch minimum 


0.6251 0.6261 0.6259 1 © Diameter Tolerance: +0.0001 inch 
0.7501 0.7511 0.7509 
0.8751 0.8761 0.8759 
1.0001 1.0011 | 1.0009 




















INDUSTRIAL FASTENER Division Sps 


JENKINTOWN 9, PENNSYLVANIA 
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LOOK TO TOBE FOR PROGRESS 


Tobe 

filter systems 
Strengthen 
nation’s defenses 
in far north 


This is one of several filter cabinets 
that Tobe is supplying for installa- 
tion at an early warning radar line 
in Northern Canada. The single 
filter shown at the left is typical of 
the nine different types — used in 
combinations of 16 to 200 filters per 
cabinet—that make up a Tobe filter 
system for the line. 


The rigors of long-range transport- 
ing, and the severe environmental 
conditions encountered at the re- 
mote bases require that these filters 
and rf barrier cabinets (Tobe sup- 
plies both) be sturdy, reliable and 
long-lasting. But these are not the 
only reasons why Tobe was chosen 


specify 


for the job. Tobe also supplies some- 
thing not listed in the specs...crea- 
tive engineering. For example, here 
in ove cabinet, Tobe packages multi- 
circuit filters that range in voltage 
from 120 to 4160 VAC. 


Creative engineering goes into every 
Tobe product, from the smallest 
Filterette to the largest thermonu- 
clear condenser. Don’t settle for 
anything less on your next filtering 
assignment. Talk to Tobe today for 
technical information and engineer- 
ing aid...creative engineering aid. 
Tobe Deutschmann Corporation, 
Norwood, Massachusetts. 


PRODUCTS 


TOBE DEUTSCHMANN + CONDENSER PIONEERS SINCE 1922 
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rectifiers are described in 8-page cata- 
log. Booklet contains data and specifi- 
cations for glass or phenolic tube 
cartridge rectifiers. Dimensional out- 
lines and circuit diagrams also shown. 
Four pages contain operational charac- 
teristics for stack sizes of diameters 
from 1g to 1% in. with 1 to 400 cells 
per stack. Stacks have d-c ratings to 
10 ma and 12,375 volts in single 
cartridges. Syntron Co, > 660 


METAL-FILM RESISTORS —Four-page 
Bulletin 155D provides data on Series 
77 metal-film resistors. Miniature units 
with largest dimension x-in. range 
from 25 to 250 k ohms. Larger units to 
! megohm. Standard tolerance, +1 pe 
cent. TC of resistance, 0 +25 ppm pet 
deg C. Literature gives information on 
equivalent styles under MIL-R-10509C 
and MIL-R-19074B. Ohmite Manufac- 
turing Co. > 661 


NUTS AND FASTENERS—Line of vari- 
ous clinch, pilot and weld nuts in 
standard and special types are described 
in 16-page catalog. Specifications and 
applications for all fasteners are given. 
Included are expansion nut for use in 
manual or automated fastening appli- 
cations, reference tables on recom- 
mended nut torque and pertinent screw 
thread information. McLaughlin Com- 
pany. > 662 


MODULAR STORAGE BATTERIES—Bro- 
chure J-1 describes replaceable-cell 
lead-acid battery and how various ar- 
rangements of one of three standard 
cell types. in dovetail base frames, can 
satisfy practically all industrial storage 
battery requirements. Scranton Cello 
matic Battery Corp > 663 


FHP GEARED MOTOR Induction 
geared motors with 17 gear ratios and 
output speeds from 300 to 1 rpm are 
described in Bulletin 1325. Correspond- 
ing full-load torques are from 1.2 to 15 
in-lb. Starting torque. 100 to 120 per 
cent of full load. Synchronous motors 
also available. Merkle-Korff Gear Com- 
pany. > 664 


SUBMINIATURE CONNECTORS—Cata- 
log sheets. with specifications and di- 
mensional drawings, describe SMI-CSI 
Series subminiature precision connec- 
tors. Connector features are stainless- 
steel reinforcing retainer provided 
under each screwlocking-element, 
fianged-guide female contacts for posi- 
tive re-entrancy of male pins and 
countersink on upper end of contacts 
for self-alignment. U.S. Components. 


Inc. > 665 


CUSTOM-MADE COILS—Four-page Bul- 
letin S-30 describes typical custom- 
made coil types from miniature to large 
units for electrical and electronic equip- 
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PHOTO BY KARSH OF OTTAWA 


“Materials are important to the designer... 


thats why Talon, Inc. works with Sharon Shu-Lok Fastener Division, Talon, Inc. 


“To design properly the engineer has to know materials—their advantages and limitations,” states 
Thane E. Hawkins, chief engineer, Shu-Lok Fastener Division of Talon, Inc. 
“The Shu-Lok, we knew, would have to absorb extra heavy punishment—yet be as inconspicuous 


as possible. This meant a small, tough precision product. These factors dictated the use of steel— 


stainless steel. To get the quality stainless we needed, it was only natural to look to Sharon Steel 


Corporation, Sharon, Pa.” 


<tenousen> SHARON Cel STEEL 
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ment. Conductors may be copper ot 


aluminum tubing. copper strip or 


copper or aluminum wire. Stonite Coil 


( Orp. > 666 


SNAP-ACTION SWITCHES 


data bulletin covers subminiature Milli 


Four-page 


Switches available with lever, pushbut 
ton and toggle actuators. Switches may 
be ganged for operation of several 
with one actuator. Available with vari 
ous electrical characteristics. P. R. 


Mallory & Cx Ine > 667 


NICKEL-SILICON-BRONZE ALLOY 

Data sheet compares properties of Silnic 
Bronze with other bronze alloys. An 
nealed Silnic Bronze electrical conduc- 
IACS). 
strength for hard-temper l-in. diam 
rod: 100.000 psi 


tivity, 56 (per cent Tensile 
Short-time tensile 
tests al various temperatures and stress 
rupture properties included. Chase 


Brass & Copper Ce >668 


INSTRUMENT CHOPPERS 


instrument chopper catalog incorpo 


Kight-page 


ates a glossary of chopper terms, com 
ponent specifications, technical descrip 
tion of chopper test and evaluation 
equipment as well as details on minia- 
ture DPDT and SPDT choppers. James 
Vibrapowr Co > 669 


ELECTRONIC COUNTING AND CON- 


Shown above are some of the many 
Rogan knobs available from 
stock molds. Fast delivery. 

Special shaft holes at nominal cost. 
Send for details and catalog. 


ROGAN 
BROTHERS 


8027 N. Monticello « Skokie, Illinois 


FROM STOCK MOLDS 
CUSTOM MOLDED 


YOUR OWN DESIGN 


TROL EQUIPMENT 
5920 features totalizing counters for 


Four-page Catalog 


unit counting, preset counters for semi- 
fully-automatic control 
applications, preset interval generators 


automatic or 


for timing applications, and modula: 
counters. Freed Transformer Company, 


Inc. >670 


ONE-COMPONENT EPOXY ADHESIVE 

Technical Data Bulletin 2527 de- 
scribes Hysol 2527 thixotropic paste- 
adhesive based on epoxy resins. Suited 
for bonding both porous and non-por- 
ous surfaces such as metal, plastics. 
ceramics, glass and wood. Adhesive film 
which reduces 


has slight resiliency 


chance of cracking during thermal 
shock. Houghton Laboratories, Inco 


porated. >671 


RESISTORS, CONTROLS AND RESIST- 
ANCE DEVICES—Catalog No. 59, 32 
pages, covers general line of composi- 
tion and wire-wound element potentio- 
meters, power rheostats, resistors, re 
tary selector switches and wire-wound 


precision potentiometers, Clarostat Mfg. 
Co. >672 


HAND TACHOMETERS Catalog 61 
contains technical data on hand _ tach- 
ometers for ranges from 50 to 50,000 


rpm. Four-page catalog includes single-, 


double- and triple-range units. Jones 


Motrola Corp. > 673 


RELAY CATALOG Ae 4 
pages, describes the following relay 


Catalog 
types: keying or circuit control, tele- 
phone, multiple-contact switching, in- 
terlock, 


heavy-duty power. Also data on stand- 


latching, subminiature and 


ard relay enclosures. Aemco, Inc.>674 


ANALOG-TO-DIGITAL RECORDER 

Catalog 35-1541 describes shaft-input 
device that converts and records analog 
values in digital binary-decimal 
punched-tape form and provides digital 
values in electrical form for telemeter- 
ing or other purposes. Fischer & 


Porter Co. >675 
ENVIRONMENTAL TEST CHAMBERS— 


Catalog 59 of 12 pages contains illus- 
trations, descriptions and specifications 
of walk-in and smaller chambers. In- 
cludes equipment for testing under 
altitude, 


humidity, sand, dust and 


conditions of temperature, 
explosive 
atmosphere. American Research Corpo- 


ration. >676 


PRESSURE-SENSITIVE 


catalog 


CUSTOM-MADE 
LABELS—Fight-page 


covers full line of pressure-sensitive 


general 


labels available in any shape, size o1 
color, on paper, metal, foil, film and 


IC -Ya ger 
magnetic 


explosion-proof 


DISC BRAKES 


for hazardous locations 
(Underwriters Laboratories Approved Class ||, groups E*, F*, G*) 


STYLES UH-50 — UH-70 — EXG-70 


NEW Max. Torque Ranges 
— 1¥2 to 75 th ft — 
WARS 


seme aC 
FeO MELTS 


aT aa ee 
CMa m CT ey 


Exclusive ‘“‘Visi-Indicator” 


FE — dusts, including aluminum, magnesium, and their alloys 
F — atmospheres containing carbon black. coal, or coke dust 


te) 
T0 


AMERICA’S FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 


G — atmospheres containing flour, starch. and grain dust 


Request Bulletins 2902E, 3002E, 3602E 
a Siiarns, ELECTRIC CORPORATION 


120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 
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SMALL ENOUGH 


TO HIDE BEHIND A DIME 


Smallest of precision snap-action switches 
... 4% kw capacity 


Now offered with six actuators 


These actuators are offered in four basic designs and, 
in addition, two reversed actuators are offered which 
provide lower free position and reduced pre-travel. 
CASE size: .500” x .200” x .350”—ten to the 
square inch. 


WEIGHT: 1 gram—28 switches to the ounce. 


ELECTRICAL RATING: 28 vdc: 7a. resistive, 4a. 
inductive—sea level; 2.5 a. inductive—50,000 
ft.; 4 a. motor load, 2.5 a. lamp load, 24 a. 
max. inrush. 115/230 vac: 60 to 400 cycles: 
5 a.; 15 a. inrush. 


Pivoted lever Pivoted roller Leaf 
actuator lever actuator actuator 

MECHANICAL LIFE is in the millions of oper- 

ations. 

The case of the 1SX1 has two through holes 

that accept #2 screws. One hole is slightly 

elongated to facilitate mounting. 

The 1SX1 operates dependably in tempera- no 

tures from —65°F to +250°F. Operating force “a & a 

is controlled and predictable within 3 oz. to Rolier leat Reverse leat Raversasolles 

5 oz. limits. actuator actuator leaf actuator 

For more information about this important 

switch, ask for Catalog 63. MICRO SWITCH... FREEPORT, ILLINOIS 

MICRO SWITCH field engineers will be glad to A division of Honeywell 

provide application assistance and give you In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


full information on this sub-subminiature 
switch and its actuators. Call your nearby H I] 
ee HI oneywe 
HONEYWELL — 3 
MICRO SWITCH Precision Switches 
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film laminates. Catalog describes uses. 


| MW | 1) ura iF AY) 4 rs) Te] ys a nd Td a3 h a4 Applications include identification, wir- 


ing diagrams, instruction labels, color 
Ps ° coding and assembly marking. Labeling 
bails A Al) (s service ..-. MYT equipment also included le inihene 
Avery Label Co. >677 
Durakool products minimize wear from 
arcing and have virtually eliminated C-R TUBES FOR INSTRUMENTATION 
destructive heat rise (less than 50°C rise 
: over ambient) and corrosion. Contacts 
Tilted Down : . 
ON operate under sealed in (50 p.s.i.) hydro- tubes for industrial and military appli- 
gen gas. Result: unequalled durability on cations have been compiled in chart 
Tilted Up heavy or light loads as well as highly form. ‘Tubes 
OFF inductive, incandescent D.C. loads. The and include 
Durakool steel-clad (non-breakable) mer- face types as well as special-purpose 
cury relays and switches are built for tubes. Electronic Tube Corp. ->678 
continuous fast-cycling schedules. 


Timer-relay service life has increased colt colL SPROCKETS AND CHAIN DRIVES— 
up to 6 times former models. Plunger ENERGIZED DE-ENERGIZED illustrated engineering and stock Cata- 
designed to stay free, making unit log 60 of 88 pages contains details on 
practically “fail-safe.” Tilt switches 1300 different’ stock sprockets and 
come in 7 sizes, 1 to 65 amperes. / various types of roller chains with 
Timer relays available in any combi- Rm technical data and chain drive engi- 
nation of operate-release-time-delays wr neering information. Pitch of chains 
from 0.15 sec. to 20 sec.—normally _ varies from 14 to 4 in. Cullman Wheel 
open or normally closed action. a Co. >679 


Physical and electrical characteristics 
of single- and multi-gun cathode ray 


range from 2 to 12 in. 
square and rectangular 


For mere information 
on timer-relays and switches, write: E TRANSDUCERS AND SOLID-STATE RE- 


LAYS—Four-page Brochure 292 de- 
DURAKOOL ’ INC. scribes transducers such as pressure- 


ELKHART, INDIANA sensitive resistors and paint, a photo- 

voltaic device and a miniature electro- 

a Moonie m sa se Bog Prem oe static accelerometer. Voltage-sensitive 
i ve., So., Minneapolis 15, Minn. ‘ ‘ : 

4747 Bronx Bivd., New York 70, N. Y. VS a ae ail) ES solid-state relays also included may be 


used for tripping circuit breakers for 
over-voltage or over-current plus time 
delay. Clark Electronic Labs. > 580 


ACTUATOR SCREW AND NUT ASSEM- 
BLIES—Four-page brochure contains 
information on precision actuator screw 
and nut assemblies available in sizes 
from subminiature up for use in mis- 
siles, aircraft. radar, machinery, instru- 
ments, etc. Literature covers size capa- 
hilities, thread specifications, materials, 
quality. tooling and inspe ‘tion facilities. 
Jerpbak-Bayless Co. > 681 


POWER-TRANSMISSION MACHINERY 
—Dry-fluid drive and flexible cushion 
couplings, steel conveyor pulleys, roller 


McLEAN FANS COOL CURTISS-WRIGHT SIMULATOR |“, se sarin tes of stat 


couplings and V-belt drives are de- 

scribed in 8-page Bulletin A-706. Other 
McLean Filter Box Propeller Fans are shown being used to products included are pillow blocks 
cool computer racks installed in an electronic Flight Sim aaa Balla i aiaal 
ulator built by the Electronics Division of Curtiss-Wright Corp ee eee See enna Seer 
oration. Similar installations of McLean Fans are included in \ roller bearings. ball bearings and sleeve 
various models of electronic Flight Simulators, for com- vee bearings, take-ups, friction clutches. 
mercial and military aircraft, built by the Curtiss-Wright Nay 
Division to train aircraft crews. The Fans have a wide nv . : 3 . 
range of CFM’s and are ideal for trailers, vans, mobile or = “name F_ drives. Dodge Manufacturing ——— 
stationary generating systems, etc. Write for data sheet. Pi eae tion. 682 


speed reducers and screw conveyor 


Ni LEAN ENGINEERING FREE vecunicat vata | | pgs “4 ee Tt ae 
€ LABORATORIES } closed Series motor with helica 


@ 24 Page Catalog 


World Leader in Packaged Cooling © 12 Page Article 


gears is described on data sheet. Speeds 


: Forced Convection Cooling from 6 rpm. Torque to 40 in.-lb. Op- 
Princeton, New Jersey — WAlnut 4-4440 @ Specification Sheet on tional features include brake, clutch. 


TWX Princeton, New Jersey 636 Reversible Fans fan. Brevel Products Corp. >683 


See us at the Wescon Show, Booth No. 1818-1820 (Continued on page 214) 
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LOOK 
FOR THE 
aE Led, 1h eid) 
OF FINISHING 
QUALITY 


Only 


Process Engineered 


Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base—Decorative Finishing 


A COMPLETE PROCESS 
ENGINEERED LINE 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 
SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They’ll help 
you check every step in your finishing oper- 
ation to make sure you’re getting the best 
possible finish on your products. 


1 


2 


3 PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


4 ECONOMY 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


RESEARCH AND DEVELOPMENT 
FACILITIES 
If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 


IRIDITE—a specialized line of chromate conversion coatings for non-ferrous 
metals. Apply by dip, brush or spray methods — at room temperature — 
manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


If you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies” in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


Allied Research Pr oducts, EMC. 4004-06 east MONUMENT STREET # BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: L. H. Butcher Co, 


Cim*| aris") Cur’ aire’ zc 


Chromate Clear Plating Chemicals & Line of 
Coatings Coatings Brighteners Supplies Equipment 


Chemicol and Electro- 
chemical Processes, Anodes, 
Rectifiers Equipment, ond Supplies for Metal Finishing 
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Here are two 


G-E Glow Lamps 


that have 
critical 


starting 
voltages 


I'wo components of predetermined and stable 
characteristics for your circuit designs 


G-E NE-76—Pre-aged, stabilized glow 
lamp has closest starting voltage toler- 
ances of any General Electric Glow Lamp 
+4-volts d-c). Same tolerance is held 
on operating voltage. G-E NE-76 will 
perform well in: Switching circuits, logic 
matrices, gating circuits and similar ap- 
plications. The leads are plated for easy 
soldering and the lamps are treated by 
the G-E Dri-film process for high leak- 
age resistance in humid areas. A red dot 
near the anode lead indicates polarity 


} 


J { 


4 


TWICE 
ACTUAL 
SIZE 


NE-76 NE-81 


G-E NE-81—Similar to the G-I 
—has slightly wider starting voltage 
tolerances (+8-volts d-c). Has plated 
leads to permit easy soldering and the 
G-E Dri-film process insures maximum 
leakage resistance under high humidity 
conditions. The same mild radioactive 
additive used in the NE-76 is used here 
to reduce dark effect. A white dot near 
the anode lead indicates this glow lamp’s 
polarity 








G-E GLOW LAMPS 
AS MULTIPLE 
VOLTAGE INDICATORS 


DIRECT CURRENT CHARACTERISTICS 


NE-76 
72 + 4-volts d-c 
57 + 4-volts d-c 


Starting Volts . 
Operating Volts . ‘ 
Extinction Volts (in series with 
.25 megohm or more). 
a a a a 
Leakage Resistance (at high humidity) . 


50-volts d-c 
0.4 m.a. d-c 
100 megohms 


NE-81 
72 + 8-volts d-c 
50 to 60-volts d-- 


50-volts d-c 
0.3 m.a. d-c 
100 megohms 


NE-76 Life To stay within above specifications for at least 1,000 hours when operated at 0.4 m.o. 


NE-81 Life Change in Starting and Operating Voltage 


ROM. os ss: 0-s 


For further information write for free booklet entitled 


Control Components 
Nela Park, Cleveland 12, Ohio 


". General Electric 


5-volts in 6,000 hours 


Glow Lamps as Circuit 
Co., Miniature Lamp Dept. M-901, 


Progress ls Our Most Important Product 


GENERAL @ ELECTRIC 


NE-76 


| MINIATURE TELEPHONE-TYPE RELAY 


Bulletin Sheet 70 pictures and lists 


| specifications of relay with pull-in time 


of 7 to 9 millisec and release time of 1 


| to 4 millisec. Contact arrangements to 


1PDT at 5 amps, 115 volts a-c non- 
inductive. Contact pressure, 15 gm min. 
Weight of Series GT relay, 2 oz. Volt- 
ages: 6, 12, 24, 110, 230 a-c or d-c. 
Line Electric Co. > 684 


TEFLON FLUOROCARBON’ RESINS— 
Twenty-four page handbook on resins 
for electronic and electrical systems 
gives properties of TFE-fluorocarbon 
resins, describes applications and _ in- 
cludes case histories. Contains various 
tables and graphs. E. I. du Pont de 
Nemours & Co., Inc. > 685 


MINIATURE ELECTRICAL CONNECTOR 
Design data and brief description of 
DS Series 


snap-in contacts and crimp-type_ter- 


miniature connector with 


minations is available in 8-page catalog. 
Connector resists temperature extremes 
from 100 to +300 F, while contacts 
withstand 25-lb pull. Molded inserts of 
formulated silicone. The Deutsch Com- 
pany. > 686 


HIGH-RESOLUTION CR TUBES —Twelve 
Bulletin E-333 


offer choice of four resolution levels, up 


cathode-ray tubes in 


to 2000 lines per in.; three screen 
sizes; and three screen-phosphor char- 
acteristics. Applications are visual in- 
dication, photo reproduction, informa- 
tion transfer, remote cata pick-up and 
strip radar. Resolution vs screen-cur- 
rent and transfer-characteristic curves 
included, P5, P11, and P16 phosphors 
CBS-Hytron Advertising 


> 637 


employed. 


Service. 


DISTRIBUTED-PARAMETER DELAY EL- 
EMENTS-—Bulletin Sheet 29 contains 
technical data on delay-line flats with 
elliptical core for typical delays to 5 
psec and impedances from 120 to 8000 
ohms for 5-in. core lengths. Working 
voltage, 250 volts d-c min. Reflections, 
“5 per cent max. Designs available 
with attenuation under 1 db per psec; 
and with delay to rise-time ratio better 
than 10, with 
Columbia Technical Corp. 


resistive terminations. 


> 688 


SERVOMOTOR USES 


contains technical data concerning use 


Servo-brief 1583 
of inertia and velocity damped _ servo- 
motors. The 1l-page bookiet compares 
forms of electromagnetic damping, de- 
tailing characteristics of each type. 
Transfer function equations for servo- 
motors, servomotor - rate 
inertia and 
motors are developed. Helipot Tech- 
Service, Beckman 


-> 689 


generators, 


velocity-damped — servo- 


nical Information 


Instruments, Inc. 


MINIATURE INDICATOR LIGHTS 


Lights for use in data-processing equip- 
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These new developments are just two recent 
items added to our ever growing line of indus- 
trial timing devices which now exceeds 1,700 
controls. If you would like more information 
about the line, drop us a note requesting our 


general catalogue. 


Timers that Control 
the Pulse Beat of Industry 


AUGUST 1959 


AFFILIATE—LINE ELECTRIC COMPANY 


mi MINIATURE 
THERMAL TIME DELAY SWITCH 


10-20 Amp. Capacity— SNAP ACTION 


The new Series TH Timer makes accurate switch- 
ing control of high current applications practical 
and economical for the first time! No more bulky, 
costly thermal switch and relay combinations .. . 
no more teasing of load contacts in electro-mechan- 
ical circuits from slow make-and-break. The new 
Series TH Timer’s SNAP ACTION contacts give 
fast, positive switching of loads up to 20 amperes. 
There’s a wide choice of contacts, too: SPDT, 
Double Break, Magnetic Blowout DC and others to 
match your needs. 

This new, compact timer automatically compensates 
for ambient temperature changes, by using two 
parallel bimetal strips. Longer life from the rugged, 
totally enclosed cast ceramic heater. And you can 
adjust your time cycle easily with a single screw 
Available in time cycles from 15 seconds to 2 min- 
utes, the new Series TH Timers are the low-cost 
answer to switching in air conditioning, refrig- 
eration, exhaust and heater controls, computers, 
lighting, and a host of other applications. 


For complete information, write today for Bulletin #900. 


EW! 


m SIMPLIFIED 
PUNCHED CARD PROGRAMMER 


Direct Control from Programmer to Process! 


Here’s the simple, dependable method of applying true 
automatic control to most of your manufacturing and 
operational processes . . . direct control of up to 85 indi- 
vidual load circuits through as many as 30 separate 
functions . . . with permanent, convenient 5” x 9” Mylar* 
punched cards. 

Operation from any switch closure makes this electro- 
mechanical card reader easily adaptable to a variety of 
control systems, including analog, digital, temperature, 
feed-back, photoelectric, time and many others. Already 
in use for a wide variety of industrial and military appli- 
cations, these flexible units are easily modified to meet 
your particular requirement. 

For more information, write for Bulletin #100. 


*Reg. T.M. du Pont 


INDUSTRIAL TIMER CORPORATION 


1411 McC 
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SS Ht ment, computers and automation appli- 
HH Ht i : 
at ot { cations are reviewed in 8-page Bro- 
+4ists et yyy . . 
} oe chure L-160A. Contents: single indica- 
Ho { 


tors with replaceable or built-in lamps. 
strips and matrices of indicators and 


This is a production twin-lamp assemblies. Dialight Corpora- 
tion. > 6390 
test record 


of 4 new HIGH-SPEED BENCH-TYPE BALANCERS 


Balancers described in 8-page Cata- 


AA 
\ aN U litrimmer* log 1207 test miniature belt-, air- o1 
electrically self-driven parts or assem- 
KN TRIMMING blies. Typical work includes armatures. 


gyros, small spindles and_ turbines. 

; wa POTENTIOMETERS Horizontal and vertical models avail- 

{ \ Ny able. Unbalances with work rotating 
a 


at speeds between 1000 and 3000 or be- 
tween 4000 and 12.000 rpm can_ be 
measured and located. Standard equip- 
ment includes amplifier, direct-reading 
amount-of-unbalance meter and strobe 
lamp to indicate angle. Supports for 
work from 1% to 8 oz or for work from 
8 oz to 10 Ib furnished. Unbalance meas- 
ured and located to full machine ac- 
curacy (0.000002-in. bearing displace- 
ment) in two transverse planes, as little 
as 14-in. apart, with unbalance indica 
tions in one plane unaffected by un- 
balance in the other. Gisholt Machine 
Company. > 691 


FHP MOTORS Twelve-page Booklet 
GEA-6882 with inserted 4-page tech- 
nical data bulletin discusses features 
and advantages of Unitized four-pole 
59-frame, shaded-pole and permanent- 
split capacitor motors. Ratings from 
1 millihorsepower through 45 hp. Var- 
ious mountings available. General Elec- 


tric Co. >692 


METAL-FINISHING CHEMICALS AND 
PROPRIETARIES—— Data file describes 


jr-25 4 
equipment and systems for metal fin- 


Ultrimmers are available in both cylindrical and it as 7 : a ta sea 
rectangular case styles in ranges from 100 to tfoss oN t Ht ishing, including specialized finishing 
LOOK ohms. ft re | service offered, as well as specific items 

of equipment. Allied Research Prod- 

ucts, Inc. > 693 

*REGISTERED TRADEMARK 

IN-LINE, IN-PLANE DIGITAL READ- 
OUT—Data sheet illustrates and de- 
scribes Model SGS-101 Digital Read- 
out, listing dimensions (per digit). 


Low temperature coefficient —25ppm Welded construction—element welded 
per °C for finished trimmer to terminal bands 


Moistur | j : : : 
oisture sealed Unique overtravel clutch character size, inputs, operating range. 


Zero end resistance —0.2 ohm max. Adjust with Allen wrench or screwdriver power requirements, weight, characters 
Closer tolerance—+5% standard available, viewing screen specs and 
+ 10/ , High : , a > . 

1% special 7 resolution selective group switching diagrams. 
Encapsulated winding — + 25 g vibration Higher resistance for same wire size Electronic Equipment Div., I.D.E.A 
rating Meets or exceeds all applicable Inc. ~“* 
Temperature range —65° to 150°C military specifications 
MINIATURE ANALOG-DIGITAL CON- 
VERTER—Four-page Bulletin BH100 
describes analog-to-digital converter 
with 144-in. tape slidewire potentiom- 


For complete information on the new 
Uitrimmer and the complete line of 
Ultronix precision wirewound resistors, 
call your nearby Ultronix engineering eter. Slidewire embedded in Mylar tape 
representative or write Dept M-8 may be calibrated (linear or non- 
linear) and geared to in-line digital 


Cutaway view of Ultrimmer : . . 
counter or have calibration printed on 


111 EAST 20th AVENUE the tape to measure and indicate flow. 
U LTRONI X (23 SAN MATEO, CALIFORNIA frequency, level, pressure, rpm, tem- 
Phone Fireside 5-7921 perature, weight, etc. Digital readout 
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| PRECISE HARDNESS CONTROL 


Risnsnanennadsieniaiannenal 


to your specifications with 


J&L Cold Rolled Strip Steels 


Variations within standard commercial limits of hardness 
for strip steels may not provide the quality needed for 
most critical applications. 


At J&L the newest equipment and techniques are used to 
provide controlled hardness—to your specifications. 


Basic oxygen converters, high standard open hearth prac- 
tice and electric furnaces provide optimum melting con- 
ditions, new hot strip mills are specifically designed to 
produce the finishing temperatures needed for inherent 
quality. Cold mills, annealing and normalizing furnaces and 
other equipment are designed specifically for precision 
strip steel processing. 


With an organization experienced in specialized strip steel 
processing, your most rigid specifications can be met 
consistently. 


I 

SA For your convenience, precision strip facilities 
are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) 
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The small unit rotary annealing method assures precision temperature 
control and develops optimum hardness and microstructure for high 
carbon, low carbon and alloy strip. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY © STAINLESS 
TEMPERED SPRING STEEL * ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation - STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 
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5 BIG ADVANTAGES 


Higher Dielectric Retention @ Greater | 
Flexibility @ More Heat Resistance @ 
Available in Coils @ Can be After-Treated 


AVAILABLE IN 
FOLLOWING 
NEMA CLASSES : 


CLASS B-A-1 
7000 Volts Average 


CLASS B-B-1 
4000 Volts Average 


CLASS B-C-1 
2500 Volts Average 


CLASS B-C-2 
1500 Volts Average 


CORPORATION 


-. Mokers of Electrical 
\ Insulating Tubing 
‘and Sleeving 


@ Even under the most severe operating con- 
ditions, Varfil Sleeving and Tubing retains its 
average dielectric strength. Twist it, tie it, 
bend it, wrap it, knot it. Remains just as 
pliable as when you started. Won't crack, 
peel or suffer dielectric loss. Heat Varfil 2000 
hours at 110° C.—1,000 hours at 125° C.— 
and even for extensive periods at 150° C. It 
won't break down. Can be after-treated in 
baking and varnishing operations. Reacts 
better than other oleoresinous materials and 
synthetic coated tubings. Available in handy 
coils so you can cut the exact lengths you 
need . . . no waste. Standard colors. Wide 
range of sizes. Send coupon today for free 
sample folder. 


EXCEEDS OR MEETS ALL A.S.T.M. SPECIFICATIONS. 


VARFLEX CORPORATION 
504 W. Court Street, Rome, N.Y. 


Please rush free folder containing samples of Varfil Sleeving and Tubing. Also include 
details on electrical tubing or sleeving you suggest using for 


OE 
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accuracy, 0.1 per cent. Device operates 
over entire scale range with signal 
input of 20 my min. Size: 3 x 5 x 534 in. 
B & H Instrument Co., Inc. 695 


INDUCTION BRAZING AND SOLDER- 
iING—Fifth issue of “High-Frequency 
Heating Review” is devoted to general 
information on induction brazing and 
soldering. Twelve pages include intro- 
duction, joining alloys and_ fluxes, 
soldered or brazed-joint design and 
applications. Also tables of chemical 
composition, melting range and colors 
of alloys commonly used. Lepel High 
Frequency Laboratories, Inc. > 696 


COMMUNICATIONS CATALOG—Gen- 
eral catalog of 80 pages lists communi- 
cations equipment and components for 
aviation, broadcast, microwave, h-f and 
v-h-f ground system, and data system 
applications. Collins Radio Co. 697 


MODULAR POWER SUPPLIES—Four- 
page Bulletin 400 describes line of 
regulated power supplies designed as 
modules for original equipment. Input 
voltage is 105 to 125 a-c at 50/60/400 
cps. Sixteen standard models from 125 
to 425 volts. 50 to 400 ma d-c. Regu- 
lation is 0.05 per cent no-load to full- 
load, or 10 per cent line change; ripple 
is 1 mv rms max. Modules use one- 
piece cast-aluminum __ construction. 


ACDC Electronics, Inc. ->698 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


PRESSURE TRANSDUCERS — Brochure 
1000-SD-6 describes three basic force- 
balance pressure transducers, _ static 
pressure, pressure ratio and pressure 
difference. Units employ force-balance 
nulling systems. Section on applications 
is included in 32-page brochure which 
is available on letterhead request to 


M. Ten Bosch, Inc., Pleasantville, N.Y. 


DRY LUBRICANT DESIGN HANDBOOK 
—Handbook for dry film lubricants 
provides assistance to the design engi- 
neer in specifying lubricants properly. 
Pocket-size textbook deals with use 
of lubricants, recommended and non- 
recommended applications. Available 
on letterhead request to Ever-Lube 
Corp. of America, 6940 Farmdale Ave., 
No. Hollywood, Calif. 
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SEE US AT WESCON 
BOOTHS 2810 — 2812 


NEW PANEL MOUNT TRIMPOT 


Now, Bourns combines the convenience of a panel 
mount potentiometer with all the advantages of a rec- 
tangular unit—Small Size: requires 1/12 sq. in. or less 
of panel area—Setting Stability: self-locking shaft with 
no cumbersome locknuts—Adjustment Accuracy: multi- 
turn shaft provides up to 9000° rotation. 


All of the many Trimpot models are now available with 
the panel mount feature as a result of a unique design 
that permits quick attachment of a panel mounting 
assembly to standard ‘‘on-the-shelf"’ potentiometers. 
Rugged stainless steel construction assures compliance 
to Mil-Specs for vibration, shock, salt spray, etc. Screw- 
driver adjustment is easily made from the front of the 
panel...recessed head prevents accidental changes of 
setting...silicon rubber O-ring and Teflon washer pro- 
vide moisture barrier from outside elements. 


Specify the panel mount Trimpot. Get reliability backed 
by years of engineering, manufacturing and field experi- 
ence. Write for complete data and list of stocking dis- 
tributors. 


BOURNS, Inc. 


P.O. Box 2112K, Riverside, California 


Plants: Riverside, California 


and Ames, lowa 


In Canada: Douglas Randal! (Canada), Ltd., licensee 


Exclusive manufacturers of Trimpot®, Trimit®. Pioneers in potentiometer transducers for position, pressure and acceleration. 
Circle 221 on page 17 





FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


New 


Components 
and Materials 


A staff compilation of the latest developments . 


. screened for 


design-in use in electrically operated end products . . . complete 
with all released specifications and available application data. 


LOCKING CABLE-BAND 
CLAMP 


Wedge lock-band clamp uses ratchet 


teeth on band which engage’ with 


matching teeth inside clamp loop. 
Two-position floating wedge is notched 
and can be engaged with rib on inside 
of loop to provide a permanent lock 


Nylon wedge comes assembled in ny- 


lon ciamp. and is placed around 


cables to be secured, threaded into 
clamp loop and snubbed up for a tem- 
porary lock; when wedge is pushed 
all the way in, 


manent and can only be released by 


clamp becomes per- 


cutting band. One size band clamp ac- 
commodates cable or wire from 1g to 
134 in. diam. Weckesser Co., 5701 


Northwest Hwy.. Chicago. Ll. >479 


MINIATURE REGULATED 
D-C SUPPLIES 


Solid-state 
from 115 volts a-c. 


power supplies operating 
50-60 or 400 eps. 
may be wired into circuit like con- 
transformers — ot 


ventional potted 


chokes. For 50-60 eps input, thirty-six 


220 


models cover nine outputs ranging 
from 3 to 36 volts d-c in approximate- 
ly 14 per cent Output 
power capacities. 2, 4 8 and 15 watts. 
Like number of models for 400-cycle 
input available. Voltage 
+0.05 per cent against line and load 
variations; ripple less than 0.01 per 
cent. Sorensen & Company. Inc.. South 


Norwalk. Conn > 480 


increments. 


regulation, 


SILICON SWITCHING 
TRANSISTOR 


Diffused-base silicon “mesa” switching 
transistor features typical total switch- 
ing speeds to 25 millimicrosee and a 
guaranteed d-c beta range. The 2N702 
dissipates 150 mw at 100 F in free 
air. D-C beta spread. 15 to 45; max 
collector cutoff current, 0.5  pamp; 
breakdown voltage, 20 volts min. Texas 


Instruments Incorporated, P.O. Box 
312, Dallas, Tex. > 481 


HALLTRON MAGNETIC 
CIRCUIT 


Circuit MC-1 combines an indium arse- 
nide Halltron device with a magnetic 
circuit 
d-c through a-f 


designed for operation from 
range with 
current input to Halltron operable to 


control 


me range. Unit supplied with provision 
for operating two internal 
parallel, 
pendently. Applications are modulator 


magnetic 


circuits in series or inde- 


chopper. analyzer, analog 
multiplier, 


meter, 


spectrum 
summation circuit, power 
function generator, phase de- 
tection, rectangular to polar-coordinate 
conversion or power-factor indication. 
Overall accuracies to approx 1 per 
cent possible without use of dither 
signal. Standard unit coil voltage is 
120, 240 volts, 60 cps. 15 ma; control 
current, 600 ma max. Special types can 
be supplied. Ohio Semiconductors, Inc.. 
1035 West Third Ave.. Columbus 8, 
Ohio. > 482 


FLEXIBLE CERAMIC 
INSULATION 


Ceramic wire insulation has a_tem- 
perature rating of 1000 F for con- 
tinuous operation and may be coated 
on wire from 10 mils up  in_ thick- 


nickel-clad 


Alumel and Constantan are 


ness. Aluminum, 
Chromel. 


copper, 


available as conductors. Durock insula- 
tion may be wound on mandrels five 
times the wire diam. Electric strength. 
100 volts d-c resistivity for 0.6 mil 
thickness. capture less 
than 20 barns. Technical Industries 
Corp., 389 No. Fair Oaks Ave.. Pasa- 
dena, Calif. > 483 


Cross-section 


SOLID-STATE RELAY 

SPST relay has no moving parts. The 
6-volt, 1/4-amp unit known as Model 
SSR-6-.250 has 2 usec pickup time and 
drop-out of 5 ywsec. Solid-state relay can 
withstand shocks of 1000 g and may 
be used as current-limiting device to 
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Sai APPLETON 


Pp Jic 
| ea LIQUID TIGHT 
“Ziel JUNCTION BOX 


JIC blank box for 
special installations. 
May be drilled for 
custom installation of 


Potent Pending >, Uni-Seal hubs or 
STN connectors. 


@ safety engineered to JIC specifications, this new heavy gauge 
steel junction box gives positive protection from liquids, fumes, 
shavings, dirt and other foreign matter. Box body is of one-piece 
welded construction without holes. May be custom drilled. Special 
gasket seal for cover. Exceptional wiring room... outside dimen- 
sions: 444” long, 25@” wide, 2'4” high. No sharp edges. Extra 
rigidity. Exclusive full width bridge for additional screw support- 
Next time you need a liquid-tight junction box .. . specify 
APPLETON JIC! 


Sold Through Franchised Distributors Only 


APPLETON ELECTRIC COMPANY 


1701 Wellington Avenue ¢ Chicago 13, Illinois 
Also Manufacturers Of: 


Bx 


Pt 
fe 


“ST” Series % 


Connectors 


Malleable Iron Industrial | ighting —- 


Unilets Equipment 
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MORE 


OF EVERYTHING 
YOU WANT INA 


TRANSISTOR 
CHECKER 


FOR ONLY 


$8900 
PRECISION 


MODEL 960 


® Direct icbo Readings in terms of 
true collector current 

e Five icbo Ranges cover all types 
of transistors — low, medium and high 
power n-p-n and p-n-p types 

© 17 D.C. Collector Voltages: 

5 volts DC to 100 volts DC in 17 steps. 
® Direct-Reading Gain Ranges: 

5 separate injection currents 

® Leakage: Reliable check of emitter 
to collector leakage current provides 
basis for accurate gain tests 


© Crystal Diode Tests: Separate tests 
for both forward and reverse currents 


© Transistor Test Settings listed on 
high speed roller chart. 


® Patchcord Selector System and 
universal adapter provide for future 
semiconductor releases 
@ Wide-Angie, 52”, 100 microampere 
sensitivity PACE meter 


® Free Transistor Test Data Sub- 
scription Service for one full year. 


MODEL 960: Complete with portable 
carrying case and comprehensive technical 
manual Net Price: 89.00 


DP Available and on display at leading 
electronic parts distributors. Write for 
complete PRECISION catalog. 


P> PRECISION Test Equipment carries 
a full year warranty! 


PRECISTON 


Apparatus Company, inc. 
70-31 84th St., Glendale 27, L. 1., N. Y. 


Export: 458 Broadway, New York 13 
ee Canada: Atlas Radio Corp., Toronto 19 
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protect power sources from overloads. 
Inter Mountain Instruments Div., Cur- 
tiss-Wright Corp., Box 8324, Albuquer- 
que, N. M. —>484 


FLEXIBLE-FOAM TAPE 

Polyurethane-foam tape has permanent 
adhesive on back 
that holds tape in place despite tem- 
perature fluctuations from 0 to 300 F. 
Flexible crush 
into a Protective 


pressure-sensitive 


foam does not down 

compression _ set. 
on tape back peels to expose 
Range of tape widths and 
thicknesses available. Richards, Par- 
ents and Murray, Inc., 312 7th Ave., 


New York 1, N. Y. > 485 


paper 
adhesive. 


EPOXY SHELLS FOR 
ENCAPSULATION 


Variety of 
shells are used for encapsulation of 
components. Thermosetting epoxide 
resin is designed for sealing with liq- 


shapes in epoxide resin 


uid epoxy resin. Enclosed components 


are unaffected by water and atmos- 
phere. Shells operate to temperature 
of 150 C max. Dielectric constant at 
60 cps, 3.70; loss factor, 0.009. Overall 
diam ranges from 1/8 to 1 in., with 
heights of 1/4 in. up. Special shapes 
made to order. Various colors avail- 
able. Thor Ceramics, Inc., 225 Belle- 


ville Ave., Bloomfield. N. J. ~>486 


INORGANIC SEALING 
CEMENT 


Cement uses include assembling, in- 


sulating, sealing and holding metal in- 


serts. Cement No. 33 is supplied as 


powder to be mixed with water. It 
hardens into white. porcelain-like body 
without firing. Resists water. oil, sol- 
vents, electricity, temperatures’ to 
2000 F and all acids except hydro- 
fluoric. May be used in any consistency 
from thin paste to stiff mortar. Sauerei- 
sen Cements Company, Pittsburgh 15, 


Pa. > 487 


COAXIAL TERMINATION 
RESISTORS 


Resistors use metal contacts or fingers 
whose OD is the 0.125 in. OD of inner 
conductor of %g-in. coaxial line. When 
mounted in %g-in. line with Type N 


=. 


connectors, VSWR is 1.05 from d-c to 
1000 me. 
tallic film 
and covered with a quartz film overall. 
Filmohm Corp., 48 W. 25th St., New 
York 10, N. Y. >488 


Type 5098 resistor uses me- 


fused onto ceramic form 


COILED ELECTRICAL CORDS 

Coiled cords are available as neoprene 
rubber sections (24 in. extends to 
12 ft) for 
tion cords, heater cords or test leads. 


power cords, communica- 


Number of conductors vary from 1 to 
7. Available in black o1 
as appliance cords with plugs attached. 
Seeger-Williams, Inc., 4 Norman St., 
Bridgeport 5, >489 


brown and 


Conn. 


TRANSISTOR CRYSTAL 
OSCILLATOR 


Oscillator for use at any specified 
range of 10 ke to 
100 me is encapsulated in 4% x 1%6 
x 3% in. package. Model DFO-18 is 
available in 4-pin solder-type or any 
other — suitable Operating 
range is —55 to +90 C with a fre- 
quency stability of 0.005 to 0.015 per 
cent, depending on frequency. Output 


frequency in the 


connector, 
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POWER 


handling capacity 


of the new 


Westinghouse 


Silicon 


PO 


transistor! 


Greater than 99% efficiency when used to handle 1.5 kw of 
power in a low-frequency DC switch! Power loss is only 
10-15 watts when handling 1.5 kw. That’s just one of the 
impressive specifications established by a remarkable new 
semiconductor device—the Westinghouse Silicon Power 
Transistor. 


This Power Transistor is remarkable in other ways, too... 


e It is the first power transistor available in voltage 
ranges above 100 volts. 

@ It has power dissipation capability of 150 watts made 
possible by the low thermal resistance of .7°C/watt. 


@ It can operate at higher temperatures than germanium 
(150°C., compared to 85°C). 


@ It has astonishingly low saturation resistance—less than 
.5 ohms at 5 amperes and .75 ohms at 2 amperes, an achieve- 
ment made possible through extensive research and de- 
velopment of hyper-pure Siemens-Westinghouse Silicon. 


e@ It is 100% power-tested under actual maximum rated 
specifications before leaving the plant. 


e@ It is encapsulated in a rugged, all-welded case. 


HERE ARE A FEW OF THE APPLICATIONS... 

e Inverters and converters @ Data processing circuits @ 
Servo output circuits @ Series regulated power supplies @ 
As a low frequency switch e In class A amplifiers. 


Available in 2 and 5 ampere collector ratings in production 
quantities now. For complete specifications and details, 
contact your local Westinghouse representative. 


you CAN BE SURE...1F ws Westi nghouse 


Westinghouse Electric Corporation, Semiconductor Department 
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Youngwood, Pa. 
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Tiny, shock-proof 
nylon connectors — 
voltage breakdowns up 
to 12,500 volts DC! 


Complete Line of Nylon Jacks, 
Binding Posts and Solderless 
Plugs. Metal-Clad Tip Jacks 
to MIL Specs! 


This rugged group of connectors will meet 
severe mechanical, electrical, temperature, 
and humidity requirements. Tough, low- 
loss nylon won't chip or crack even when 
subjected to extreme temperature changes 
or abnormal mechanical stress. Connec- 
tors are designed for fast, easy mounting 
—available in 13 bright colors for coded 
applications. 


MILITARY—Tip Jack complies with 
MS-16108 of MIL-STD-242A. Heavy 
nickel-plated brass jacket meets federal 
specification QQ-N-290. High insulation 
resistance of nylon body complies with 
MIL-P-17091. (Full specifications avail- 
able on request.) 


OTHER CONNECTORS —Johnson also 
manufactures a complete line of standard 
connectors in addition to the nylon line 
described above. For complete informa- 
tion, write for newest components cata- 
log described below. 


New 


Write today for our newest com- 

ponents catalog, listing complete 

specifications and prices! 

« Capacitors « Knobs and Dials 
* Sockets « Inductors « Pilot 

Lights « Connectors « Insulators 


.\ FE. F. JOHNSON CO. 


2124 Second Avenue S.W. «© Waseca, Minn, 


l® 


Circle 225 on page 17 


j vided 


| power, 0.1 mw min. Load impedance, 


50 to 600 ohms, and 5 k ohms below 
1 me. Supply voltage as specified, 20 
to 30 volts. Delta-f, Inc.. 113 E. State 
St.. Geneva, III. > 490 


ALUMINUM-FINNED 
RESISTORS 


Small power resistors are encapsulated 


aluminum 
CH25 


anodized 
fins, 


in an case pro- 


with Series rated 


25 watts at 25 C ambient in 0.l-ohm 


to 16 k ohm values. CH50 Series rated 
50 watts at 25 C in range from 0.3 

175 k ohm. Both derate to 0 
rated power at 275 C. 
tolerance, 1 per cent. Tem- 


»hm._ to 
per cent of 
Standard 
perature coefficient, 20 ppm per deg 
C. Pacific Resistor and Cable Co.. 2186 
Colorado Avenue. Monica, Cal- 
ifornia. > 491 


Santa 


SILICON POWER 
TRANSISTORS 


The 2N1067, 2N1068. 2N1069, 2N1070 
and 2N1092 are n-p-n diffused-junction 
transistors utilizing mesa construction. 
multivibrator, d-c to d-c 
converter, d-c to a-c inverter amplifiers. 


\pplications: 


and relay- and solenoid-actuating cir- 
cuits. Operating 

65 to +175 C. 
breakdown 
nected to 
60 volts: 


temperature range, 
Collector-to-emittet 
voltage with base con 
from 50 to 
at 25. 1 


collector 


emitter 
total 
from 2 to 50 watts: 
current, 0.5 to 4 amp. Radio Corp. of 
America, Semiconductor Div., 


ville, N. J. 


ranges 
dissipation 


ranges 


Somer- 


> 492 


THREE-WIRE GROUNDING 
PLUG 


Cap with armored cover and cord grip 
is designed for 277 


5764 


volts at 15 amp. 


Cap accommodates cord from 


0.296- to 0.562-in. diam. Pass and Sey- 
mour, Inc., Syracuse 9, N. Y. 493 


TEFLON-IMPREGNATED 
GLASS CLOTH 


Laminated plastic is made from glass 
cloth impregnated with Teflon resin. 
Electric strength is 2300 volts for 
0.007-in. thickness. Pinhole count is 0 
holes per ft of 6-in. width scanned 
with 1/4-in. electrode at 1000 vpm. 
Dilecto GB-108TED designed for cor- 
rosive applications such as_ gaskets 
and seals and for flexible electrical 
insulation such as printed circuits and 
tape cable. Continental-Diamond Fibre 
Corp., Newark 107. Del. > 494 


TEMPERATURE- AND 
PRESSURE-SENSING 
PROBES AND RAKES 


Probes available for measuring heat. 
velocity and thrust include total pres- 
sure, static pressure, pitot static. low 


temperature to 1500, high temperature 


to 2500, and water-cooled to 4000 F. 
Rake include bellmouth, 
pressor, turbine and water-cooled. In- 


types com- 
struments can be fabricated in any of 
Series 300 stainless 
Hastelloy, brass or 
Inc.. 5663 Brecksville 
31, Ohio. 


steels, Inconel. 
copper. Pemco, 
Rd., Cleveland 

> 495 


SLIP RING AND BRUSH 
ASSEMBLY 


Miniature assembly has its 50. slip 
rings and attendant 100 brushes ball- 
bearing mounted and packaged in dust- 
1.250 in. long. Noise 
breakaway 


sealed housing 
levels below 50 microvolts; 
friction level under 50 gm cm. Brushes 
tuned to different resonant frequencies 
for constant electrical continuity under 
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Yj —yal yew Key 


cy Be da le7 Le EXAMPLE: 


heavy olbaRY, How to Fasten Securely to Avoid Shifting 


Where considerable tension in the fastening 
is needed to keep the parts from shifting, 
the Shakeproof®-developed Pyramidal Lock 


needed to keep parts securely fastened and 
in alignment. 
*U.S. Pat. No. 2,794,476 


4 od cs 
Washer* should be used. This washer spans 
rol uy | large clearance holes — provides tension 
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For want of the right fastener, man-hours and money are 
often needlessly lost! It's vital to economical assembly 
line production to specify fasteners for each application 
that will do a fast and effective job every time. Fasteners 
engineered by Shakeproof assure maximum locking, re- 
duce handling, and provide many additional functions that 
save assembly time, reduce production costs and improve 
your product's quality. 


SEND FOR NEW SHAKEPROOF BULLETIN NO. 200 


Shows typical examples of money-saving fasteners de- 
veloped by Shakeproof engineers for heavy metal appli- 
cations. Offers testing samples. Write for your free copy 
today! 


SHAKEPROOF 


“FASTENING HEADQUARTERS’”® 


DIVISION OF ILLINOIS TOOL WORKS 


St. Charles Road, Elgin, Illinois 
In Canada: SHAKEPROOF /FASTEX 
Division of Canada Illinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 
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PLATE-TYPE 


RHEOSTATS 


GQ 


SI" 


LESS CONTACT WEAR 
WITH G-E RHEOSTATS 


Less contact wear means longer rheostat 
operating life, and General Electric rheo- 
stats feature special wear-resistant con 

tact segments. The moving contact rides 
on these segments—not on the resistance 
element. For full details on G-E long-life 
plate rheostats, follow reader service 
instructions below. General Electric 
Company, Roanoke, Virginia. 784-22 


Progress 4s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


226 Circle 227 on page 17 


| temperatures to 


— 


vibration conditions. Unit withstands 
350 F and meets 
MIL-Spec-5400A. Slip Ring Co. of 
America, 5456 W. Washington Blvd., 


Los Angeles 16, Calif. >496 


SPIRAL SELF-RETRACTING 


| CABLE 


| of conductors, 


sizes 


| Flex 


| Strip Wire & Cable Corp., Box 





flow 


Cable, composed of layers of flat rib- 
bon cable, has built-in spring 
coils, is available with varying number 
length and ratio of 
closed-to-open length. Wires of odd 
may be introduced in Spectra- 
cable as may _ vinyl-jacketed 
shielded wire or coaxial cable. Spectra- 
415. 
> 497 


steel 


Garden Grove, Calif. 


MINIATURE FAN 


Fan free delivery or 
19 cfm at l-in. static pressure at 22.- 


delivers 23 cfm 


500 rpm. “Aximax 1” has 1% in. diam 


x 11% in. long frame and weighs 4 oz. 
Available motor designs include 115 


or 200 volts a-c, 1 phase or 3 
100 cps for 


surized applications and for 


phase, 
pressurized or non-pres- 
sine or 
square wave. Mounting accomplished 
through servo-type clamping rims at 
each end of barrel. Direction of 
reversed by turning fan end-for- 
end. Rotron Manufacturing Co., Wood- 


stock, N. Y. > 498 


air- 


SPACE CLOTH WITH 
CONTROLLED RESISTIVITY 


Thin-sheet 
surface resistivity. 
Eeccosorb SC 
fabric; 
May he 


controlled 
members of 
Series are 


have 
Four 


materials 


based on 
one is flexible plastic 
used in a 


woven 


sheet. variety of 


microwave applications: to line in- 
terior of a cavity to lower Q; may 
be applied to a radiating surface to 
prevent flow of high-frequency 
rents; wedges or tapers can be made 
and applied to interior of waveguides 
as terminations; antenna patterns can 
be modified by applying to elements 
or reflector surfaces. Eccosorb will 
conduct electricity and can be used in 
resistors and/or potentiometers. Slid- 


cul- 


ing contact wear is negligible. Geo- 
metric shaping of sheet produces de- 
sired resistive gradient. Voltages can 
be picked off at many points over 
surface. Can be cut with scissors and 
joined by sewing or heat sealing. 
Emerson & Cuming, Inc., 869 Wash- 
ington St., Canton, Mass. >499 


HYPERSIL CORE BRACKETS 


Extruded aircraft aluminum transform- 
er brackets fit all recommended stand- 
ard Hypersil core transformers and 


are finished in natural aluminum, hole 
sizes ranging from 0.157 to 0.213 in., 
with or without Pem nuts. Olympic 
Products Co., Inc., Alpha, N. J. +500 


HEAT-SEALABLE 
MYLAR TAPE 


Kubber-coated Mylar will heat seal in 
the 200 F temperature range. Three-mil 
tape (using 1 mil base film) is coated 
on one side and may be furnished in 
any color. Available in 
and constructions. Peters 
ing Co., 162 Old Colony 
ton 70, Mass. 


other gages 
Manufactur- 
Ave., Wollas- 

>501 


EPOXY /PAPER-BASE 
LAMINATE 


Laminate has burning time of 1 se 
after 10-sec exposure to Bunson flame 
and punching temperature of 75 F. 
Phenolite EP-491 available in sheet o1 
in copper-clad forms which are un- 
affected by alkali plating baths used 
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DISTRIBUTORS 


Earl B. Beach Co., Pittsburgh, Pa 
Phila. (Clifton Heights) Pa 
Brooks Electrical Supply Co., Inc., Baltimore, Md 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Sales Co., Rutherford, N. J 
Electrical Insulation Suppliers, Inc., Atlanta, Ga 
Electric Motor Supply Company, Denver, Colo 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves. Mo 
Insulation Manufacturers Corp. 
Chicago, III. Cleveland, O 
Dayton, O. Milwaukee, Wis 
Detroit, Mich. Pittsburgh, Pa 
J. F. Kerrigan & Co., Hamden, Conn. 
C. D. LaMoree, Los Angeles & Berkeley, Calif. 
Punt, Inc., Floral Park, N. Y 
C. E. Riggs, Inc., Portland, Ore., Seattle, Wash. 
J. P. Scanlon, Rochester, N. Y. 
Summers Electric Co., Inc., Dallas, Houston, 
San Antonio, Austin, Texas 
White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y 
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t is lamination of selected electrical 
blatihg materials thoroughly bonded in 
Pdupjéx or triplex combinations. Typical of 
‘thé many Varslot materials available, for 
xample, is Mylar* laminated to 100% 
rag paper. Such Varslot combinations are 
supplied in rolls or sheets and in a wide 
range of thicknesses to meet almost un- 
limited specific applications. Varslot char- 
acteristics include flexibility, toughness, 
high dielectric strength and good resistance 
to deterioration under heat. Combinations 
utilizing other electrical insulating papers 
or varnish-coated Fiberglas* with Mylar 


in Jll principal cities 


are also available. 


New Jersey Wood Finishing Company 


MANUFACTURERS OF 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished ‘‘Fiberglas’’t Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas'’t 
Cloth and Tapes 


FLEXIBLE 


ELECTRICAL INSULATION 


“VARSLOT" Combination Slot Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and “Mylar'’* Polyester Film 
Asbestos Paper and ‘‘Mylar'’* Polyester Film 
Kraft Paper and “Mylor''* Polyester Film 
Vartex Varnished “‘Fibergias"t and 
“Mylar’'* Polyester Film 

Special combinations available upon request 


* Mylar, Du Pont’s registered trademark +Fiberglas, Owens-Corning Fiberglos registered trademark 
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for printed-circuit boards. National 
Vulcanized Fibre Co.. 1059 Beech St.. 


FRIDEN MODEL SRW 'imocsm'n"si” 7.5 


1 VARIABLE-SPEED 
—the most extraordinary TRANSMISSION 
Transmission has a rated capacity of 


automatic calculator 5 be with inpur speed of 1750 rpm 
you have ever seen 


and 3:1 overall ratio; increased over- 
all ratios of 9:1 (ad infinitum) can be 


STUDY THESE PICTURES: 
1 Set number from which 


root is to be taken on 
Friden SRW keyboard 
obtained by adding auxiliary gear box 
of 1:1 and 3:1] ratios. Input shaft of 
variable-speed — transmission Model 
19000 can be operated through V-belts. 
timing belt and pulleys, chain and 
sprockets or direct electric or hydrau- 
lic motor drive. Speed-adjusting screw 
Touch Square Root key . te" can be operated electrically. Both in- 
corresponding to posi- oe put and output shafts can be left side, 
tion of decimal point right side or alternate sides as desired. 
in the radicand Western Manufacturing Co., 3400 
Scotten Ave.. Detroit 10. Mich. —>503 


SQUARE ROOT DIGITAL LOGIC CIRCUITRY 
-- G@ppears automatically Series of AND gates, OR gates, inverters 


in the dials of Friden Model SRW and emitter followers are available 


with single or dual circuits in each 
Racctiiieiistahiadhdls when you touch one key plug-in package. Units available in 
This figure can be re- n-p-n, p-n-p or complementary sym- 
tained on keyboard if Can you use Friden Model SRW to speed metry with emitter follower outputs 
desired for further cal- answers? For the first time on any desk calcula- for direct drive of other logic cir- 
Lien tor it offers touch-one-key extraction of square cuits without intervening buffer stages. 
root. Is equipped also with all automatic Complementary symmetry units utilize 
Friden Calculator features and so performs low-impedance diode logic and have 
more steps in figure-work without operator 
decisions than any other calculating machine. 
The Thinking Machine of American Business 
—yours in Friden Model SRW. 


..eWORKS THE WORLD'S 
| FIGURE-THINKING PROBLEMS 
* AUTOMATICALLY 


Friden sales, service and instruction available throughout the U.S. and the world 
...Friden Silver Anniversary ¢ 1934-1959 


Send for new Square Root Calculations Manual. Tells how 
calculating machine with unique automatic square root 
extraction feature does higher mathematics including 
triangulation, statistics. Free—no obligation. 


FRIDEN, Inc. Dept. EM-859 
San Leandro, California 


Please send Square Root Calculations Manual to: 
Name 
Company 
Address 


OC State 
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MODEL 1092 
SENSITROL RELAY 


RECTIFIER 

P/N 69367 
a 
' 


| 

! 

' 

Cw AUXILIARY 
INDICATING 
AC MILLIAMMETER 


LOW CURRENT UP TO 5 MA 


MODEL 1092 
SENSITROL RELAY 


AUXILIARY 
INDICATING 
CURRENT 
METER 


ABOVE 504.4 DC 


PHOTOCELL, THERMOCOUPLE 48 VOLTS DC OR 
OR OTHER SUITABLE 48 v0C 120 VOLTS AC 
DC CONTROL SOURCE OR 120VAC AVAILABLE BETWEEN 

CENTER 6 EACH END 


TO AUX 
1000 MFD CONTROL 
OR LARGER 
TO VARY 


AUXILIARY 
POWER RELAY 


MODEL 1092 MEREASE 
OR DECREA 


| TO AUX 
| CONTROL 


120 VAC 


120 VOLTS AC AVAILABLE 
BETWEEN CENTER AND 
EACH END. 
NOTE 
AUXILIARY RELAY COIL TO BE 
120 V SUCH THAT IT WILL OPERATE 
60 CYCLES wiTH Ro IN SERIES 


CONTROL 
SOURCE 500 2 WATT 


PHOTOCELL, THERMOCOUPLE 


OR OTHER SUITABLE 5 AUXILIARY 
OC CONTROL SOURCE 1 POWER 
MODEL 1092 
to MICROSWITCH 


CORRECTION NORMALLY CLOSED 
@ INDICATOR 
CIRCUITS 


120 VOLTS AC 
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NSITROL 


the versatile relay 


LOOK AT THIS RANGE OF APPLICATIONS FOR WESTON’S 
FULLY-ADJUSTABLE, ULTRA-SENSITIVE RELAY. SENSITROL CAN 
SIMPLIFY YOUR ALARM OR CONTROL PROBLEM! 


MODEL 1092 


- 


In breadboard circuits, She 1092 m&kes it unnecdsary to pin- 
point electrical operating Yalues through elaborate Calculations 
or measurements. A singl&, movable cdatact adjuste pro- 
vides variable and accuratel\ repeatable settings. In pro@@ction 
equipment, the 1092 eliminatds the need forgtocking a variety 
of relays. 

Model 1092’s contain built-in raset mechanisms and chatter 
proof locking magnetic contacts They can set to close 
at any value of D-C from 5 to 50@#icroamps, or a comparable 
millivolt span of 10 to 100... and will handle 100 milliamps at 
120 volts A-C or D-C. 

For full information, or for the address of your nearest 
distributor, contact your local Weston sales office .. . or write to 
Daystrom-Weston Sales Division, Newark 12, N. J. In Canada: 
Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: 
Daystrom Int’l., 100 Empire St., Newark 12, N. J. 


WESTON 


© 


DBD CONTROL 


WORLD LEADER IN MEASUREMENT 


WESTON 
RECTIFIER 
P/N 69369 


AC VOLTAGE 


SOURCE 
Visit us at 


Booth 3203 
1959 Western 
Electronic Show 
and Convention 
San Francisco 
Cow Palace, 
August 18-21 


MOVING COIL 
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iral 
At No Increase In Price! 
Now, with more rugged construgiio jally designed 
ano bise ) he % Fabs CLAD" Capacitor is 
espe 44 ok ™ iona VM to 
vibra HT: and shock is rec oat : 
new “PP” als w te eH: O'R M 
The “NO —_ yerformance fea- 
tures—outstanding frequency stability, iI rical leak- 
uge ved $s x. auio 4G: fp estionable 
af OoM fpf biti — i », and yet 
lv h 


exu igh c: apacity ratings for its size. 


Get complete information today. Write for Bulletin 6.100 


Visit us at Booth 222 
WESCON SHOW 


SURESS aCe eee el 
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modified emitter-follower outputs. 
(Type PM8393 encapsulated dual _n- 
p-n AND gate illustrated.) Nine-pin 
plug-in enclosure, 7, in. diam. Single 
units, 1 9/16 in high; dual units, 2- 
1/16 in. high. Walkirt Co., 141 W. 
Hazel St., Inglewood 3, Calif. ->504 


WATERPROOF PRESSURE 
CONTROL 


Pressure-vacuum control is for air, gas 
or liquid applications requiring close 
on-off differentials. Adjustable ranges of 
Type J6-Model 200 are from 30 in. 


Hg vacuum to 300 psi with differen- 
tials from 1.5 +1% in. Hg to 4 +1 psi. 
Uncalibrated control pressure settings 
made by adjustment screw. Switch 
types available include NO, NC or 
double throw with no neutral position. 
and are rated 15 and 20 amp at 115 
230 volts a-c. All switches single pole 
and suitable for ambient temperatures 
to 180 F. United Electric Controls Co.. 
79 School Street, Watertown 72. 
Mass. >505 


TEMPERATURE SENSOR 
ASSEMBLIES 


Assemblies incorporate Thermistors 
and will detect temperature changes 
of less than 0.001 F. Housings avail- 
able in stainless steel, aluminum, brass 


RB 


| 
0 


é | 
e | 
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or plastic. Temperature sensor assem- 
blies may be mounted with bolts or 
screws, threaded into housings or con- 
tainers, taped, soldered or cemented 
to surfaces. Typical applications: tem- 
perature measuring and control of 
chemical processes, liquid levels, in- 
dustrial machinery bearings, commer- 
cial heating and air conditioning equip- 
ment. Victory Engineering Corp., 517 
Springfield Rd., Union, N. J. —>506 


HIGH-PERMEABILITY 


FERRITE Fansteel - 
Machinable ferrite, MN-30, is suitable 


for use in magnetic cores and frequen- 
\ 


cies up to 500 ke. Common sizes and 
1 N a 


oe Series 


shapes can be furnished with dimen- 
sional tolerances within +0.001 in. 
Density range, 4.9-to 5.0 gm/cc; initial 
permeability at 21 C and 5 ke, 3000; 
flux density at 7 oersteds, 4250 gauss; 
retentivity, 1300 gauss; coercivity, 0.13 
oersted. Kearfott Company, Inc., 1500 
Main Ave., Clifton, N. J. >507 


SOLENOID VALVE | 4 | 4 p is] +t 
Valve features constant water flow and TT icon ower 5 ecti Ts 


accurate delivery regardless of varying 
supply préssures. S-25 unit has positive 


© 


opening and closing at pressures from 
21% to 200 psi, with flow capacities 
from 14 to 6 gpm, for temperatures 
to 180 deg F. Available with pipe, 
tubing or flexible metal hose connec- 
tions. American-Standard Corp., De- 
troit Controls Div., 5900 Trumbull 
Ave., Detroit 8, Mich. >508 


Ask for Bulletin 6.304 


FANSTEEL 


PUN aaM ar eH Mahe VOU) Me Cee | 


(Continued on page 233) 
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TANTALUM. 


Capacitor Grade Tantalum 

metal powder is compacted in 
this giant 3000-ton, 4-way action 
hydraulic press (the largest of 

its kind ever buiit) in the 
Fansteel North Chicago plant. 


N PRESENT DAY electronics, reliability cannot be 
De oar To attain high reliability, basic 
materials in components must not only be of the 
highest quality; they must be. designed for their 
particular purposes. Certainly this is true of tanta- 
Jum capacitors. 

In the early development of tantalum capacitors, 
Fansteel found out that a special grade of tantalum 
is necessary. Other leading capacitor manufacturers 
followed suit, and used only Fansteel Capacitor 
Grade Tantalum in the form of foil, sheet, wire and 
sintered anodes. They rely completely on the qual- 
ity of Fansteel Capacitor Grade—quality achieved 
through the experience of 37 years of tantalum pio- 
neering and research. 

Capacitor Grade Tantalum grew up at Fansteel 


Visit us at Booth 222 WESCON SHOW 
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—right along with the tantalum capacitor and tan- 
talum metal itself. It is a premium grade produced 
under the strictest laboratory standards to insure 
uniformity of its improved properties. It was devel- 
oped especially for capacitor applications. Fansteel 
research continues to work to make Capacitor Grade 
an even better tantalum, and Fansteel manufactur- 
ing facilities and ore resources assure continuous 
supply for your expanding needs. 

Built-in reliability for your capacitors is at- 
tained by starting out with the best materials 
only. Fansteel Capacitor Grade Tantalum is your 
first step in that direction—it’s sure to be the strong- 
est “link” in your capacitor’s make-up. Fansteel 
Metallurgical Corporation, Rectifier-Capz 
Division, North Chicago, Illinois. 


CAPACITOR GRADE 


TANTALUM 





ELECTRICAL MANUFACTURING 


PRECISION FREQUENCY 
POWER SUPPLY 


Model 2111F supplies output of one 
fixed frequency in 60- to 500-cycle 
range at an accuracy of +20 ppm 


from 15 to 35 C. Input, 115 volts #15 
per cent. 50 to 500 cps; output, 50 
watts, adjustable from 0 to 115 volts: 
operating temperatures, 50 C to 
+50 C: size. 10 x 16 in wide. Amer- 
ican Time Products, Inc.. 580 Fifth 
Ave.. New York 36. N. Y. >509 


WATER-COOLED SOLENOID 


Solenoids develop 140,000 amp-turns 
and dissipate 50 kw of d-c power for 
such applications as producing high- 


intensity magnetic fields. Polyphase 
transformers, rectifiers, saturable re- 
actors and manual or automatic con- 
trol furnished as required. Nothelfer 
Winding Laboratories, Inc.. Box 455, 
Trenton, N. J. >510 


LIMIT OR SENSITIVE SWITCH 


SPDT switch will maintain its oper- 
ating characteristics during long ex- 
posure to temperatures to 800 F. 
Switch 21135-1 is designed for use in 
furnaces, ovens and other high-temper- 
ature environments. All components 
completely inorganic. Klixon switch 
capacity, 5 amp, 30 volts d-c, resistive ; 
life expectancy, over 25,000 cycles at 
800 F, 5 amp on both contacts; move- 
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A topper in any language 


It’s better than the best XXXP grade, 
it’s lighter and more economical than G-10, 
it’s Taylor XY-1 Paper-Base Epoxy Laminate 


When you want extremely high reliability in printed circuits, with the addi- 
tional advantages of flame retardance, chemical resistance, good solder- 
ability and high bond strength—-specify Taylor XY-1 copper-clad laminate. 
It is self-extinguishing in 1 second, has excellent resistance to alkalis, acids 
and solvents, has a solder time resistance at 500°F. of 30 seconds in 1-oz. 
copper and 50 seconds in 2-o0z., and a bond strength of 10 Ib. in 1-oz. 
copper and 13 Ib. in 2-0z. Sheets available with copper on one or both sides. 


Unclad Taylor XY-1 has many advantages, 
too. It can be substituted for glass-base epoxy 
laminates to reduce cost and weight. It has 
excellent electrical, mechanical and machining 
properties. Contact us for complete technical 
data and expert guidance in applying this new 
material. TAYLOR FIBRE Co., Norristown 37, Pa. 


- Taylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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Drilling and flaring eliminated. Easier 
maintenance, a time saving of 50% and elim- 
ination of costly, time consuming drilling and 
flaring operations result when Truarc Series 
5115 self-locking rings are used to retain roll- 
ers on pins in this electric cable guide. Extra 
long prongs enable ring to accommodate wide 
shaft tolerances. 


Economical factening for idler gear. 
Installing Truarc Series 5555 Grip Ring flush 
with hub insures precise seating of gear in 
this portable electrocardiograph assembly. 
What's more, the ring eliminates a nut and 
costly stud-threading operation of alternate 
design. Typical savings amount to $365 per 
1000 units. 


Cross-drilling and cotter pin elimi- 
nated. Here a Truarc Series 5305 self-locking 
triangular retainer replaces a cotter pin used 
to hold an electric-motor mounting bar. Both 
the cotter pin and the cross-drilling operation 
required in the original design are eliminated. 
Typical total savings amount to $120 per 
1000 units. 


Truarc self-locking retaining rings boost 
economy in wide variety of designs 


Easy way to mount electrical-elec- 
tronic parts. Truarc Series 5300 triangu- 
lar nuts replace conventional nuts and lock- 
washers in mounting electrical parts like trans- 
former (top) or Microswitch (bottom). Dished 
body of Series 5300 flattens under torque, 
eliminates need for lockwasher, simplifies 
handling and assures assembly. 


...Climinate parts, machining, speed assembly 


Easy application, elimination of more expensive conventional fasteners and re- 
duction or elimination of machining operations are just a few of the savings 
resulting from the proper use of self-locking retaining rings. Rings replace 
threaded retainers and nuts, hairpin-type cotter pins, and a variety of cut, lock, 
and plain washers. They require no groove, or preparatory machining opera- 
tions. Rings can be installed by unskilled labor, seated at any point on the shaft, 
automatically taking up any accumulated tolerances. 

Four ring types are shown. One has a dished triangular body which locks the 
fastener on the shaft under spring tension, holds under moderate shaft toler- 
ances and against extremely heavy thrust loads. Another, a re-usable Grip Ring, 
is ideal for ungrooved shafts, tubes, bosses, and studs. A third type is a trian- 
gular free-spinning nut with a dished body that flattens under torque, eliminat- 
ing need for separate lock washers. The fourth, a push-on type, has an arched 
rim to provide high strength and extra long locking prongs which accommodate 
wide shaft tolerances. 

These are but four of the 50 functionally different types of Truarc retaining 
rings. They come in 740 standard sizes, 6 metal specifications, 13 different 
finishes. The entire Truarc line, including assembly tools, grooving tools, and 
80 typical cost-saving applications, is covered in the new catalog RR 10-58. And 
remember, Waldes engineers are always ready to help you solve your applica- 
tion problems—whether they involve one of the standard Truarc rings or a 
“special” to fit your particular requirements. Waldes Kohinoor, Inc., 47-16 
Austel Place, Long Island City 1, N.Y. 9.15 


-~ WALDES 


x TRUARC 


RETAINING RINGS 


Waldes Kohinoor, inc., Long Island City 1, N. Y. 


TRUARC RETAINING RINGS ... THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 


©1959 WALDES KOHINOOR, INC. 
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ment differential, 0.005 in. max. Metals 
& Controls Div., Texas Instruments 
Incorporated, Attleboro, Mass. ->51] 


FOUR-WAY SOLENOID VALVE 


Valve has two internal moving parts 
and protected solenoid coils. Internal 
media do not pass around solenoid 
plungers. Coils for continuous or inter- 


mittent duty, a-c or d-c, are inter- 
changeable. One-piece valve plungers 
can be replaced without disturbing 
rigid piping. Adjustable flow control 
and manual over-ride available. Valve, 
with 1/8-in orifice (0-300 psi) to 
3/16-in. orifice (0-90 psi), can be bot- 
tom-drilled for manifolding or tapped 
for standard NPT connections. Air- 
matic Valve, Inc., 7317 Associate Ave., 
Cleveland 9, Ohio. >512 


40-AMP TIME SWITCH 


Switch for use with pumps, blowers. 
motors, heating and_ air-conditioning. 
signal systems and other applications 
features 40-amp tungsten rating. Series 
1000 time switch uses removable 
trippers and is calibrated in 15-minute 
sections. Skip-a-day device available. 
Katings: 1 hp at 120 or 208-240 volts, 
60 cycles; 24 volts and 25 and 50 
cycles available. Up to 14 operations 
per day. Paragon Electric Co., Two 
Rivers, Wis. >513 


fontinued on page 236 
(Continued page 236) 
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2-POLE 

SHADED 
POLE 

MOTOR 


Model H 
1/550 H.P. 
to 
1/50 H.P. 


; Viiy LA yy, 
Wildl. Ghd 
ealaepeniamasnmmaniiemaine 


Designed andConstructed 
with Features That Insure 


EXTRA YEARS 
OF SERVICE 


When exceptionally long service is 
a must, you can rely on Gl’s new 
Model H, 2-pole, shaded-pole mo- 
tor. The Model H is constructed with 
many outstanding features that as- 
sure thousands of extra hours of 
service under the most adverse 
operating conditions. Available in 
nine models that cover a wide 
range of applications. 


DIE-CAST BEARING BRACKET. .. this new 


“H"’ Motor design includes a rugged die-cast bearing 
bracket that insures permanent precision alignment 
end adds to the over-all durability. 


DEPT. GL e 


OIL CAPACITY MANY TIMES 
GREATER THAN 
CONVENTIONAL MOTORS 


Oversized oil bearing reservoirs hold 
considerably more oil and wicking as- 
suring more efficient lubrication over 
@ much longer period of time. 


Revolutionary Method 
of Packing the Oil Wicking 


A unique new method of packing the 
oil wicking assures equal oil distribu- 
tion at all times resulting in quieter 
operation and longer, trouble free life. 


ELYRIA, OHIO 
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MINIATURE SPDT RELAY 

Relay has 1-millisec operating time 
and 3-millisee release time. Can be 
cycled at 10,000 operations per min. 


J 


fl 


and has contact chamber hermetically- 


—_— 7" — sealed and isolated from coil. Chamber 


= = 
FOR HUNDREDS OF PROVEN APPLICATIONS! contains only inorganic and chemically 


inert materials. Relay contact rating. 


| amp at 28 volts d-c; ambient, —65 

to +125 C: electric strength across 
. contact gap, 600 volts: contact re- 

: sistance, 0.050 ohms max. Specialty 

i Control Dept.. General Electric Co.. 
Waynesboro, Va. >514 


CLEVELITE’S dependable combina- TRANSISTOR POWER SUPPLY 
tion of Electrical and Physical Prop- Supply features bridge-transistor cir- 
erties have made many different cuit using low-voltage transistors to 

deliver 300 volts d-c at 150 ma, or 


kinds of products BETTER cost 150 volts d-c at 300 ma from a 28-volt 
LOWER cost. 


CHOICE OF 7 TIME-TESTED GRADES 
Grade Special Properties 
Ez Improved post-cure fabrication and 
stapling; 
EX Special punching grade; 
EE Improved general purpose; 
EEX Superior electrical and moisture ab- 
sorption properties; 
EEE Critical electrical and high voltage 
application; 
XAX Special grade for government phe- battery source. Regulation, better than 
nolic specifications; 5 per cent over entire output range; 
SLF Special for very thin wall tubing hav- efficiency, better than 85 per cent. 


ing less than .010 wall. Type TPC-15 is mounted on aluminum 


: p 5 : chassis with anodized aluminum cover. 
Available in diameters, wall thicknesses iD cerk beni shia in to 65 C 
and lengths as required. — Cees ‘ ot 
Southwestern Industrial Electronics 


Write for latest CLEVELITE brochure; also Company, 10201 Westheimer, Houston, 
samples of the tubing. Tex >515 


* Reg. U.S. Pat. Off. 
' SHAFT ENCODER 
Analog input to 13-bit encoder shaft 
is converted to binary numbers through 
coded disks scanned by double pick- 


off brushes. Ambiguous outputs elim- 


inated by brush arrangement. Internal 
PLANTS & THE CLEVELAND 


SALES OFFICES: coma ak. 2 
oereor PRESCOTT, ONT 
cmicaco 
ee SALES OFFICES 
co. . 


10S ANGELES 

PLYMOUTH, Wis NEW YORK 

JAMESBURG. 4. 6201 BARBERTON AVE. + CLEVELAND 2,OHIO — WASHINGTON 

FAIRLAWN 2 MONTREAL 
ABRASIVE O'VISIOn at CLEVELAND. OHIO 


REPRESENTATIVES 
NEW ENGLAND RS. PETTIGREW 4&4 COMPANY crHicaco MCFARLANE SALES COMPANY 
10 N. MAIN ST. W HARTFORD, CONN 5950 W. DIVISION ST. CHICAGO 
NEW YORK: THE MURRAY COMPANY, 604 WEST COAST: COCHRANE-BARRON CO, 544 
CENTRAL AVE. E ORANGE, N J S. MARIPOSA AVE. LOS ANGELES 
PHILADELPHIA: MIDLANTIC SALES COMPANY, CANADA: PAISLEY PROOUCTS OF CANADA 
@ €, ATHENS AVE... AROMORE, PA LTO, BOX 159 — STATION "HH", TORONTO 
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Developing capacitors for unusual situations 


your job...and 


Variable Capacitors 

600VDCW, capacity ranges 
to 250 mmf. Compact con- 
struction, 46” wide, 1%e6” 
long, es” deep overall. 
Temperature compensat- 
ing units NPO, N650 are 
standard. Other tempera 
ture characteristics avail- 
able on special order. 


CERAMIC 
CAPACITORS 


Ceramic capacitors have almost 
unlimited capabilities... but utiliz- 
ing their full potential demands expert 
knowledge not bound to conventional 
approaches. Creative engineering, 
involving new concepts and new 
techniques, can broaden your design 
horizons. 


That kind of creative engineering is a 
CENTRALAB specialty. As specialists 
in ceramic capacitors, CENTRALAB 
engineers have developed units to 


meet an enormous variety of difficult 
size and rating requirements beyond 
the scope of oil, mica or vacuum 
capacitors. The unusual designs illus- 
trated here are typical of CENTRALAB’s 
answers to the problems no-one else 
could solve. A representative group 
of additional specialized units are 
described in Bulletin #42-719. Request 
your free copy of this bulletin today; 
it will stimulate your thinking towards 
making full use of the design poten- 
tial of ceramic capacitors. 


state Se 


for difficult applications 


Precision Temperature 
Compensating 
Capacitors 

Hermetically sealed, T.C. 
+ 10 PPM, capacity toler- 
ance + 1%. Outer shell 
grounded. Available in 50- 
3500 mmf range in NPO. 
Other T.C. ratings pro- 
portional. 


High Voltage Capacitor 
12KVDCW, 2000 mmf; 30 
amps at 30 mc. Unit is 6” 
long, 2” O.D. Extremely 
flexible design—can be 
made to a wide range of 
dimensions and ratings. 
Units that operate at 125°C. 
without derating can be 
designed. 


DC Blocking 

Capacitor 

10K VDCW,1700 mmf # 10%; 
12 amps at 4 mc, 80 amps 
at 30 mc. Measures only 4” 
high and 4” O.D. at base. 
Ideal for restricted space, 
high reliability applica- 
tions. Can be used in par- 
allel to handle large loads. 


A Division of Globe-Union Inc. 
962H E. KEEFE AVE. e¢ MILWAUKEE 1, WIS. 
In Canada: 669 Bayview Ave., Toronto 17, Ont. 


Ultra-Miniature 
Capacitor 

3VDCW, .01 mmf G.M.V. 
Capacity change +10° to 
+85°C.; 25% maximum. 
Approximately %” diam- 
eter. For transistor, cou- 
pling, by-pass, cathode 
and other low voltage, high 
capacity applications. 


VARIABLE RESISTORS + ELECTRONIC SWITCHES » PACKAGED ELECTRONIC CIRCUITS » CERAMIC CAPACITORS « ENGINEERED CERAMICS 
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GENERAL CABLE 
e complete line of 


& oe 


Long experience in the manufacture of magnet wire has enabled Genera: 
Cable to develop the industry’s widest range of both returnable and non- 
returnable containers of all types. Designed to meet widely varying 
customer demands, they insure safe delivery and facilitate use of the wire 
at the lowest possible cost to you. No matter what magnet wire packag- 
ing problem you have, consult General Cable... they have the right 
packaging for you. 


STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 15 
through 29 AWG. 

#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK pails and drums are palletized for ease of 

handling. 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 4/2 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
are palletized for shipment. 


ie 


Payout Equipment General Cable also has available a com- 


plete line of accessories used in the take off of wire from STAR-PAK pails and drums 


or in spinning wire from reels and spools. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast 


for quality and service 


--- Specify 
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isolation diodes allow time-sharing. 
AD11-13 encoder has life of 2 x 10° 
rev. Litton Industries, Components 
Group, 5873 Rodeo Rd., Los Angeles 
16. ~>5S16 


MINIATURE TRIMMER 
POTENTIOMETER 


Trimmer has resistance values up to 
100 k and will operate at 150 F at 
rated load. Brush contact and winding 


can carry 4 ma. Model H-0621-T can 
withstand 30 g of vibration from 50 
cps to 2000 cps and 150 g shock, and 
meets humidity requirements of MIL- 
STD-202, Method 106. Trimmer is 5% 
in. diam and % in. long. Tucson In- 
strument Corp., 1050 E. Valencia Rd., 
Tucson 2, Ariz. >517 


GO/NO-GO VOLTAGE 
INDICATOR 


Voltage indicator tells operator visual- 
ly whether voitages being monitored 
are within predetermined limits. Ex- 
panded sceie is marked in arbitrary 
units. Metcr can be programmed by 


VOUAGE INDICATOR 


analog or digital methods to represent 
range of voltages. Accuracy, 0.25 per 
cent for d-c and 0.5 per cent for a-c. 
Voltron Products, 1010 Mission St., So. 
Pasadena, Calif. >518 


ADJUSTABLE-SPEED DRIVE 


Drives in the %- to 10-hp range employ 
magnetic amplifier unit driving thyra- 
trons in full-wave circuit, followed by 
a d-c shunt rotor. Speed range is 100:1; 
regulation is 1 to 2 per cent. Standard 
optional features include dynamic 
braking, reversing, jogging, remote 
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This molded plastic part 
hangs up a record 6O% savings 


Could be abstract art. Actually, it’s a brand new molded plastic device 
for hanging both low and high voltage power cables—saves up to 60%, of 
the cost of running power through heavily timbered areas. In designing this 
153, oz. 4-part suspension clamp for injection molding, we worked with 
customer engineers—adapting their design to custom molding requirements. 
The selection of molding material— Methyl Methacrylate—assured the right 
electrical and physical properties, and the ability to withstand all types of 
weather. This is just one angle of every plastic molding job. Because we 
mold all types of materials and offer full range (small to large) compression, 
injection and transfer molding facilities, we’re free to make unbiased recom- 
mendations . . . to provide the material and method of most value to you. 
For more information, call or write. 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1025 North Kolmar Avenue, Chicago 51, Illinois 
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GSE CONNECTORS 


Connectors employed in Ground Support Equipment must be rugged and 


reliable—and easy to handle under any conditions. Fully meeting these 
particulars, AMPHENOL’s popular 89 series GSE connectors are being used 
in many top missile projects. 

GSE connectors are completely waterproof and provide dependable 
service even when submerged in mud, ice or water. An internal rubber 
gasket in the cable clamp, a type “W” washer at the mating faces and 
another washer used with panel mounting receptacles provide assured 
protection. 

To facilitate handling in rough weather, coupling rings are extra-long 
and heavily grooved. Flats are conveniently located for field-servicing 
with standard open-end wrenches. Caps & chains are provided for all 
connectors. 

AMPHENOL GSE connectors are available in a large number of standard 


“MS” inserts. Complete catalog data is available upon request. 


es 2. ee 


§ connector division 


AMPHENOL-BORG ELECTRONICS CORPORATION 
chicago 50, illinois 


control, torque limiting and line-voltage 
compensation. Standard-duty line 
(Series 25) covers 4% to °4 hp; heavy- 
duty line (Series 200) covers 4% to 10 
hp. Cleveland Machine Controls, Inc.. 
1155 Brookpark Road. Cleveland 9. 


Ohio. >519 


FINE-PITCH BUSHING CHAIN 


Chain is suitable for use in drives 
for electromechanical equipment, com- 
munications devices. instruments, data 
processing machines, tape recorders 


and other devices. “Micropitch” model 
specifications: pitch. 0.1475 or 0.250 
in.: width, 0.210 in.: material. stain 
less or standard steels: weight. 

oz/f{t approx. Diamond Chain Co.. Inc.. 
Indianapolis. Ind. >520 


TUBE AND TRANSISTOR 
SOCKET 


Four-contact) subminiature tube and 
transistor socket features Teflon body 
for compression mounting into metal 
chassis and requires no additional 
hardware. Type SJ-424 is suitable for 
JETEC type sockets. Silver-plated and 
gold-flashed brass contacts are counter- 
sunk. Sockets also available with more 
contacts. Fluorocarbon Products Ine.. 
Div. of United States Gasket Co.. Cam- 
den 1, N. J. >521 


(Continued on page 243) 
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This new precision DC VTVM is also 
a wide range, precision ohmmeter and ammeter ! 


s Haven’t you wished for one compact, simple in- 
strument that would make precision de voltage, 
de current and resistance measurements over a 
wide range? 

The new # 412A is it! In its VTVM circuit, the 
412A uses an exclusive #4 photo-chopper instead 
of old-style mechanical vibrators—no drift, no 60 
cps pickup. Input is floating, with resistance in- 
creasing from 10 megohms on the 1 mv range to 
200 megohms on ranges above 100 mv. Current 
and voltage ranges have a 10 db sequence for 


BRASS TM 2 aS 


1% accuracy 
100 jv to 


1,000 volts! 


Also 2% accuracy, 1 ya to 
1 amp full scale. 


Measures 0.02 ohms to 
5,000 megohms. 


No zero adjustment. 1 minute 
warm-up. 


= ——— Floating chassis. $1,000 worth 


of convenience for $350! 


maximum readability and overlap. The ohmmeter 
is a modified Kelvin bridge eliminating lead resist- 
ance error; you measure resistance accurately on 
hook-up wire sections as short as 6”. 


Model 412A also includes a 1 v or 1 ma recorder 
output, and 3 separate probes. Call your ® rep 
today for a demonstration on your bench. Price, 
$350. 


HEWLETT-PACKARD COMPANY 
1001M PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “‘HEWPACK"’ * DAVENPORT 5-445) 

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


& 400L LOGARITHMIC 
VOLTMETER—$325 


New ® voltmeter covers 10 
eps to 4 MC; accuracy high 
as +2% of reading or 1% 
3 of full scale. Voltage range 
| 0.3 mv to 300 v, 12 ranges, 1-3-10 se- 

quence. Max. full scale sensitivity 1 mv. 
Large 5” true log voltage scale, linear 
12 db scale, generous overlap. High sta- 
bility, high input impedance. Also use- 


= ful as amplifier for small signals, or 


= to monitor waveforms. 


# 400H PRECISION 
VOLTMETER—$325 
Extreme accuracy as high 
as +1% to 500 KC, +2% to 
bes 1 MC, +5% full range. Fre- 
quency coverage 10 eps to 
4 MC. Large 5” meter with precision 
mirror scale. Voltage range 0.1 mv to 
300 v; max. full scale sensitivity 1 mv. 
High 10 megohm input impedance mini- 
mizes circuit disturbances. Amplifier 
with 56 db feedback insures lasting 
stability. Reads direct in db or volts. 


% 400D WIDE RANGE 
VOLTMETER—$225 


Highest quality, extremely 

versatile. Covers 10 cps to 

4 MC. Highly sensitive, ac- } 

curate to within +2% to 1 
MC. Measures 0.1 mv to 300 v; max. 
full scale sensitivity 1 mv. Reads direct 
in dbm. High 10 megohm input imped- 
ance virtually eliminates circuit load- 
ing. 56 db amplifier feedback insures 
high stability and freedom from change 
due to external conditions. 


Data subject to change without notice. Prices f.o.b. factory core 


em yesi mae elem ay meye( tT fay (s1)3 
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Bullet 
after impact 


Too tough for bullets. . . Cutier- 
Hammer Molded Magnet Coils work 
perfectly even after being struck by 
rifle bullets. What better proof 
Cutler-Hammer Motor Control can 
withstand the most punishing 
service? 


Too tough for boiling oil... The 
performance of Cutler-Hammer 
Molded Magnet Coils remains un- 
changed even after being boiled in 
oil. Further proof Cutler-Hammer 
Motor Control stops trouble before 
it can start. 


Cutler-Hammer Three-Star Motor Control 
is built to take it 


COLOR-CODED FOR RAPID, SURE IDEN- 
TIFICATION ...No guesswork for elec- 
tricians or stock men. Each color signifies 
the coil's voltage and frequency. Colors 
are permanent, too, can't rub off. 


if a rifle bullet can't pierce or shatter the Cutier-Hammer 
Molded Magnet Coil, what chance is there of it being 
punctured when an electrician’s screwdriver slips or of 
it being damaged when the coil is dropped? If the 
Cutler-Hammer Molded Magnet Coil is impervious to boil- 
ing oil, what chance is there it can ever be penetrated by 
moisture or distorted by high ambient temperatures? 

The strength and durability of these Cutler-Hammer 
Molded Magnet Coils are but one example of how 
Cutler-Hammer Three-Star Motor Control is built to take 
it. Why settle for less when Cutler-Hammer Control costs << 
no more? Specify Cutler-Hammer Three-Star Motor Con- wot 
trol. ..you can be sure it installs easier, works better, .. on 
and lasts longer. ’ 


RED—110 volts A-c, 60 cycle 
GREEN—208/220 volts A-c, 60 cycle 
YELLO W—440 volts A-c, 60 cycle 
BLACK—all other voltages and frequencies 


“eo 
CUTLER-HAMMER GZ 


Cotler-Hammer inc., Milwaukee, Wis. ¢ Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. a 
Associates: Canadian Cutter-Hammer, Ltd.: Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. ele 
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Molded magnet coils 

are standard in all 
Cutler-Hammer Three-Star 
Motor Control 


NON-REVERSING STARTERS 
AND CONTACTORS 


CONTROL RELAYS 


“e 


De 
5 Go| 


OIL WELL PUMPING CONTROL 


REVERSING AND MULTI-SPEED 
STARTERS AND CONTACTORS 


UNITROL 
MOTOR CONTROL CENTERS 


AND MORE... 


oday for 


ite t 
W mre EN150- 


METAL-FILM RESISTORS 


One- and two-watt Vamistor resistors 
(two lower resistors illustrated) are 
available in 25 and 50 ppm tempera- 


ture coefficients. Tolerances: 1, 15, 0.25 
and 0.1 per cent. Metal-film resistor 
models, 9850 (1 watt) and 9849 (2 
watt). Weston Instruments Div., Day- 
strom, Inc., 614 Frelinghuysen Ave.., 
Newark 12, N. J. ~>522 


PIEZOELECTRIC CERAMICS 

New ceramic, of lead titanate zircon- 
ate, is suitable for use at temperatures 
to 300 C. Dielectric constant of C43A 
at 1 ke is 450. Three additional stand- 
ard barium titanate materials may be 


supplied to order in almost any size 
or shape desired. Dielectric constant of 
types C13, C37 and C39 at 1 ke is 
1100. All four types have minimum 
piezoelectric constant of 10 “ 10°35 
coulomb/dyne. Sprague Electric Co., 


North Adams, Mass. >523 


MINIATURE CLUTCH 
AND BRAKE 


Series of magnetic clutches and brakes 
uses face gear, pinion, or coupling 
drives. Series NHA clutches and brakes 
fit standard shafts. The S-750 (illus- 
trated) may be used with pinion for 
90-deg drive or with coupling for in- 
line drive, and delivers 10 0z-in. torque 
min. Engagement time under 7 milli- 


IF IT’S 


es 


uso”™ 


Luster-on’ 


Chromates 
on Zinc 


Now... at a low, low cost... you can 
get brilliantly bright and sparkling colors 
from an improved Luster-On Chromate dip 
process for your zinc-plated small parts. 


And... even more important . . . these 
are not just dull identification colors. They 
are glamorous and sales-building golds, 
yellows, blues, reds, greens, violets, brass 
and copper hues. 


Write today for the full story on revolu- 
tionary LUSTER-ON COLOR. Sample 
gladly processed free. 


use STRIPODE 
the proved addition agent 
@ to strip nickel plate faster. 
@ to protect the base metal 
from pitting, roughening 
and etching. 


to save on use of acid. 


to eliminate need of sand 
blasting or heavy buffing. 


Order a trial gallon 


emical 


Corporation 


63 Waltham Ave. ¢ Springfield 9, Mass. 


West Coast: Crown Chem. & Engr., Los Angeles & San Francisco 
Canadian Licensee: Alloycraft Ltd., Montreal 
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relies on new 
Proto-Circuits Division 


for printed wiring prototypes 


Dage Television needed printed wiring prototypes —in a hurry. 
The project: the Ist Airborne Transistorized MIL Qualified 
TV System, for automatic, fully stabilized control of Photo 
Reconnaissance Cameras. 


Dage’s choice: PROTO-CIRCUITS Division of PHOTOCIRCUITS. 


Only PHOTOCIRCUITS offers you such a complete, separate 
prototype facility. PROTO-CIRCUITS’ streamlined organization 
—from design through tooling —cuts paperwork and overhead to 
the bare minimum. You get fast service at low cost, whether you’re 
next door or across the country. 

You get better prototypes, because PROTO-CIRCUITS uses the 
same highly refined production techniques utilized by 
PHOTOCIRCUITS. 

The transition from prototype to production is a smooth one, 
free from awkward, costly mistakes and misunderstandings. 
PHOTOCIRCUITS’ unique and unequalled production capacity 
assures a steady, on-time flow of boards, regardless of quantity. 
Dage made the logical choice — based on high quality, low cost, 
fast service. For the same reasons, you too should contact 
PROTO-CIRCUITS for your prototype needs. Write or call 
Department 1135 for full information today. 


@ Photocircuits 


se 8? 88 avy ss a 


GLEN COVE, NEW YORK 


PHONES | 
GLEN COVE 4-8000 FLUSHING 7-8100 


CABLE 
PHOCIRCO 
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sec. Series NHA devices may be used 
for potentiometers. counters, servos 
and in machine control. Coil voltages 
range from 3 to 100 volts. Norman 
Hardy Associates. Box 97. Wyncote. 
Pa. >524 


MICA DIODE INSULATORS 

Stamped natural-mica insulators pre- 
vent grounding of transistors and 
liodes while permitting heat flow into 
hassis or heat sinks. Types illustrated 


for standard diodes are stamped from 
0.001- to 0.002-in. thick Muscovite or 
amber mica. Fifteen basic separators 
available. Ford Radio & Mica Corp.. 
536-540 63 St.. Brooklyn. N.Y. +525 


NEEDLE CAGE AND 

ROLLER ASSEMBLIES 

Separate cage and roller assemblies 
from standard cage-type needle bear- 
ings are available in 18 sizes upward 
from 45-in. shaft diam in a choice of 
two lengths for each shaft diam. 


Needle roller-cage assemblies are suit- 
able in applications such as idler gears. 
planetary gears. seaming rolls or any 
locations where shaft and housing sur- 
faces can be hardened and ground. 
Assemblies utilize ‘,-in. diam ground 
rollers, permanently aligned in pockets 
or bronze cages centered on housing 
surface. Orange Roller Bearing Co.. 
Inc., Orange, N. J. >526 


250-AMP SILICON RECTIFIER 


Thermal drop less than 10 C junction- 
to-base and junction temperature rise 
of 60 C approx are features of Series 
Y rectifier, Positive or negative base 
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Naugatuck VIBRIN 


Above — Relay transformers molded of Vibrin are externally mounted over 
the porcelain bushings of a 46,000-volt power transformer. 


Left —3'/,-|b. current transformer is compared with one weighing 425 Ibs., 
believed largest ever made. Both are protected with Vibrin. 


World's largest electrical molded transformer... 


potted and housed with VIBRIN 


Associated Engineering Company—developer of the first 
electrical instrument transformers to take advantage of a 
polyester resin for both insulation and housing — has used 
Vibrin® from the start. 

Chosen because of its high dielectric strength, proved 
resistance to weathering, and desirable casting properties, 
Vibrin effectively shields against salt water, acids, alkalies, 
sulphur and other corrosive chemicals. Poured into a mold 


around the core and coils, the Vibrin hardens to form a one- 
piece unit with even the attaching lugs molded in. Produc- 
tion time and costs of metal housings, porcelain bushings, 
and oil or asphaltic insulating compounds are eliminated. 
Whatever your potting or encapsulating need, small 
or large, simple or involved, investigate the advantages a 
superior-quality Vibrin resin offers you. Write our nearest 
district office or address below for more information. 


United States Rubber 


Naugatuck Chemical Division 


842V ELM STREET 


NAUGATUCK, CONNECTICUT 


KRALASTIC RUBBER-RESINS @© MARVINOL VINYLS © VIBRIN POLYESTERS 


Akron + Bostem - Gastonia - Chicago - Los Angeles - Memphis - New York - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y 
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engineered... 
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Straight phono plug and right angle plug for 
eam lat et) ali eet) ae) )olile- hile) 


Twenty-two stranded tinned copper conductors, color coded viny! plastic 
insulation with conductors cabled and overall vinyl jacket 


E IN FANEL TO 


Phalo Codastrip’’ conductors bonded in flat multiple 
color strip, different color for each conductor 


maeare Sas 


to fill the needs you specify... 


Recognized engineering diversity. . . new, greatly enlarged capacity 


... new, maximum efficiency of production. Very simply, that is 
Phalo 1959. 


Producing For All Industry From The Most Modern Plant In The 
Wire and Cable Industry! 


Complete Product Data and Sales Service Information On Request 


PHALO ENGINEERED PRODUCTS: INSULATED WIRE 
AND CABLE, CORD AND CORD SET ASSEMBLIES, 
CUSTOM PLUGS, TUBING, WIRING HARNESSES, ETC. 


530-6 BOSTON TURNPIKE 


PLASTICS CORPORATION 
SHREWSBURY, MASSACHUSETTS 


Representatives in Leading Cities Throughout The U.S. A. 
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polarity available. PIV rating is 50 to 
400 volts. Sarkes Tarzian, Inc., Recti- 


fier Div., 415 No. College Ave., Bloom- 
ington, Ind. >527 


SERVO POWER 
TRANSFORMERS 


Line of miniature power transformers 
for 400-cycle applications ranges from 
2 to 35 va for 105/115/125-volt input 
to 6.3, 18, 26, 57% and 115 volts 


output. Constructed to MIL-T-27A 
specifications Types R and X for 40-C 
temperature rise. Stocked in open- 
frame and epoxy-encapsulated styles. 
Minitran Corp., 5 Oliver St... Newark 


9 


Esa. Bs >528 


RAIN-TIGHT, EXPLOSION- 
PROOF SWITCH 


Enclosed switch has aluminum die-cast 
housing and dome cover and is de- 
signed for use on fuel-handling equip- 
ment, industrial valve-control system- 
or other outdoor installations. Under- 
writers’ Laboratories lists — switch 
2CX3 as suitable for Class I (vapor- 
air mixtures), Groups C and D; Class 
Il (dust-air mixtures), Groups E, F 
and G. Electrical capacity is UL rated 
at 20 amp, 125, 250 or 460 volts a-c. 
Contact arrangement consists of two 
SPDT replaceable switching units. 
Roller arm is moved clockwise to actu- 
ate one unit and counter-clockwise to 
actuate other. Micro Switeh, Div. of 
Minneapolis Honeywell. Freeport. Il- 
linois. >529 
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Of Your Product 
with 
MADISON -KIPP 
zinc and aluminum 
die castings 


Please ask a traffic officer to open 
a Magee-Hale Park-O-Meter for you. 
Inside of this product you will see a prime 
example of the maximum 
utilization of the die casting process. 


The skilled and cost-conscious mechanics 
at Madison-Kipp worked closely 
with the meter designers to attain both 
excellence of appearance 
and low secondary labor content. 


Please clip this ad as a reminder to contact 
us when you have die casting requirements. 


“mts @ [Z e)e 


MADISON-KIPP CORPORATION 
214 Waubesa Street « Madison 10, Wisconsin 


¢ Skilled in Die Casting Mechanics * Experienced in Lubrication Engineering 
* Originators of Really High Speed Air Tools 
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dimensional accuracy 


and got it from 


& 
a. 


Both dimensional accuracy and fine appearance were 
essential requirements in the production of this camera flash 
attachment for Polaroid. Naturally, mold planning and con- 
struction were of utmost importance in such a critical job. 
Precision and timing had to be built into the mold design. 
Three different molds were necessary to produce the five 
separate pieces which form one synchronized unit. 


In assembling the unit, all parts had to be kept in perfect 
alignment; no warpage or twist was permitted. For appear- 
ance’s sake, it was necessary to locate mold parting lines on 
the natural edges of the pieces. 

This flash attachment unit represents the type of molding 
challenge Consolidated welcomes. We appreciate the oppor- 
tunity to quote on any molding — complicated or simple. 


The Polaroid Bounce 
Flash Bracket (Model 
#292), with swivel-type 
flash gun clip, permits the 
taking of both horizontal 
and vertical pictures with- 
out removing the gun to 
change its position. 


For more than 80 years we have been 
filling exacting plastics orders for the 
nation’s blue chip companies. Before you 
discard any design you feel can’t be 
molded in a plastic, call Consolidated. 


“Your Blueprint | 
in Plastics” | 
Since 1874 } 


346 Cherry St., Scranton 2, Penna. 


Send for your free copy of our new 20-page Facilities Report. 


FLEXIBLE HEATING TAPE 


Tape of woven glass fibers is impreg- 
nated with conductive silicone rubber 
and contains electrical conductors im 


ws 


selvage edge. Tape may be operated 
at 400 F ambient and withstands 900 
F. Resistance varies from 5 ohms per 
ce. Lengths as required; widths to 12 
in. Sunelec Inc., Box 1139, 209 Ho- 
man Ave., Trenton, N. J. >530 


SUBMINIATURE 
TIME-DELAY RELAY 


Unit uses all-silicon semiconductor de- 
vices for maximum reliability. Time 
delay of Model N17 is established by 
RC time-constant circuitry. Standard 


accuracy +5 per cent; better accu- 
racies available. Time delay is 0.05 to 
ambient 
operating range from —55 to +-71 deg 
C: input, 24 to 32 volts d-c. Alto 
Scientific Company, Inc., 855 Commer- 
cial St.. Palo Alto. Calif. >531 


60 sec, preset at factory; 


VOLTAGE REGULATOR TUBE 


Subminiature. metal-ceramic corona- 
discharge voltage-regulator tubes cover 
range from 400 to 4000 volts. Regula- 
tion better than 1 per cent over cur- 
rent range of 107°! to 10% amp. 
Prebreakdown current, less than 10!” 


amp at room temperature; tempera- 


a | 
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NOW... high performance magnetic amplifiers 
at LOW COST! 


New 1290 Series VIcKER » Super Power Magnetic Amplifier 


-«. price is as little as one-half that of units previously available 
18 STANDARD UNITS—515 VA TO 32.5 KVA OUTPUT POWER 


REACTOR Ac . ” 9D-€ OUTPUT RATINGS ST 2, *, *A-C OUTPUT RATINGS 
'pe 2CON- LOAD 4 

BULLETIN SUPPLY 59.00. po ow conten SATURATING COMPLEMENTARY -- 

NUMBER voLTS PH A-T  C;- FACTOR V-A VOLTS AMPS (OHMS) WATTS gry CODE NO. QTY CODE NO. V-A VOLTS AMPS (OHMS) 


VM3GVW1JA 825 8 84 47 
VM3HVNUJA = -1280 13.0 76 
VM3NVNIJA =. 2210 22.1 45 


99 
100 
VM3NVWUA 862710 «6100 27.1 3.7 
VMGNVNIJA 4060 «201 «= 20.2 10.0 
VMGNVNIJA §=©§100 «202, 25.2 8.0 
203 
204 
204 


VM2GVWLJA 
VM2HVNIJA 
VM2NVNIJA 


VM2NVWIJA 
VMA4NVNUJA 
VMANVNIJA 


VM4JVW2JA. 
VM4NVN2JA 
VM4KVW2JA 


VD8GVWIJA 
VD8HVWIJA 
VD8NVNIJA 


VD8NVWIJA 


1296-515 120 
1296-800 120 
1296-1360 120 


1296-1680 120 
1296-2510 240 
1296-3160 240 


1296-4350 240 
1296-6120 240 
1296-7840 240 


1296-2140 240 
1296-3320 240 
1296-5710 240 


1296-6830 240 
1296-10800 480 
1296-13300 480 


1296-18600 480 
1296-25500 480 
1296-32500 480 


15 O16 = 0.73 515 77 6.7 115 15 
19 013 (0.95 800 7 (104 74 19 
15 0371.70 1365 7% 86175 44 33 


17 0331.90 1680 7% 8621.6 3.6 38 
19 0292.1 2510 «197 16,0 98 42 
19 42 «3.1 3160 «158 «= 20.0 79 62 


24 3.8 4350 27.4 5.8 75 
25 6.3 6120 38.3 42 12.5 
30 J 74 7840 49.0 3.3 47 


18 J 0.85 2140 10.8 18.3 17 
22 J 1.10 3320 16.6 12.1 22 
18 2.20 5710 28.3 71 43 


24 6830 33.6 6.0 47 
2.5 10800 26.4 15.5 43 VHIGNVNIJA 
3.6 13300 12.7 71 VHIGNVWIJA 


46 18650 ; 9.1 9.1 12+ VHIGJVWLJA 
7.0 25500 J 6.7 138 12¢ VHIGNVWLJA 
82 32500 5.2 16.3 18 VHIGNVWIJA 


VMGIVWIJA = 6940 34.2 5.9 
VMENVNIJA 9800 48.0 43 
VMGKVWIJA 12600 62.0 3.3 


Oe WWw mmm mm ee me ee 
22 9 NN NHK 
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Ampere-turns required to control a typical unit. All reactor ratings based on class **B" operation. 
2. Permits calculation of linear control power for any time constant. * For full control (15:1 range). 
(Complete notes ontenedt Bulletin 1296-5.) 


ta LOW COST -— most watts per dollar. 
a GAPLESS CORES — permit minimum control ampere-turns; 


eliminate irregular performance introduced by air gaps. 


g@ ENGINEERING ASSISTANCE — at Vickers Sales 


Engineering Offices listed below. 


mgm FOUR WEEK DELIVERY 


Vickers, the pioneer in magnetic amplifier development, with more than 
1,000,000 man-hours of direct experience in the design and application of 
magnetic amplifiers, now brings you a new line of higher power units... the 
“Super Power’. 1290 Series. The new design of these tapewound, gapless core 
amplifiers coupled with superior production techniques provides Vickers 1290 
Series Amplifiers with higher performance and operating efficiency... you 


get more output watts per dollar. Write today for complete details. 
EPA 1200-2 


Send for Bulletin 1296-5 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


Central Office: St. Lovis 
Sales Engineering Offices: Chicage, Cleveland, Detroit, Les Angeles, New York, Waeshingten, D. C, 
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Outstanding in their fields for continuous 
research, development and design 


me as opposite except witt 


e secondary winding 


Through type instrument. current 
transformer. Available in ranges from 


1000 to 10,000 amperes 


NWL custom-built Transformers are made to fit the particular 
needs of the user. Each Nothelfer transformer is individually 
tested for core loss, polarity, voltage, corona, insulation break- 
down and aging characteristics and must meet all customer's 
requirements before shipment. We shall be glad to receive your 
specifications and quote you accordingly. 


ESTABLISHED 1920 
foo 


4 


fe» 
ey 


SAY: NO—TEL—FER 


NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. EM-8, Trenton, N. J. 


Specialists in Custom-Building 
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ture range, 55 to +-200 C. Radiation 
Research Corp., 1114 First Ave., New 
20rK Zi, NX. ->532 


TEN-TURN PRECISION 
POTENTIOMETER 


Precision wirewound 7x-in. diam _ po- 
tentiometer Model 510 is available in 
ranges from 25 to 120 k ohms. Stand- 


ard linearity is +£0.25 per cent with 
tolerance of +0.1 per cent on special 
order. Potentiometer operating tem- 
perature range, —55 C to +105 C. Up 
to 46 additional terminals can be added 
to standard unit for special applica- 
tions. Spectrol Electronics Corp., 1704 
So. Del Mar Avenue. San Gabriel, 
Calif. >533 


PRESSURE-TO-FREQUENCY 
SYSTEM 


Model PFS-2 combines a_ reactance- 
controlled sub-carrier oscillator and a 
single-coil variable-reluctance type 
pressure transducer for measurement 


of absolute, gage or differential pres- 
sures. FM _ pressure-to-frequency  sys- 
tem is stable over range of tempera- 
tures while oscillator and transducer 
non-linearity does not exceed +1 pet 
cent. PFS-2 furnished for operation at 
IRIG bands or at = sub-carrier fre- 
quencies higher than present IRIG 
band. Ultradyne, Inc., P.O. Box 3308. 
\lbuquerque, N. M. >534 


LINE-VOLTAGE REGULATOR 


Regulators, using transistors, provide 
t kva of power regulated to within 
+0.5 per cent and operate at fre- 
quencies between 45 and 400° cps. 
Model 4K115 response rate, better 
than 60 volts/sec. Power-factor in- 
sensitive. Less than 0.01 per cent total 
harmonic distortion. Output is 115 
volts a-c, but can be varied between 
110 and 120 volts a-c. Automatic shut- 
off circuits available in either manual 
or automatic reset. In_ self-contained 
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NEW FLAME-RETARDANT EPOXY LAMINATES 
OFFER HIGH STRENGTH-WEIGHT RATIO, LOW LOSS 


Much is being said lately about 
the fabulous epoxies. No better 
use, however, has been made of 
these remarkable resins than 
the development by CDF of new 
improved laminates for electri- 
cal-insulating purposes. 


New CDF epoxy Dilecto laminate exhibits 
flame-retardancy in simple match test. 


CDF epoxy Dilecto® laminates, 
made with either treated glass- 
cloth or cellulose-paper base, 
combine the highest strength- 
to-weight ratio and the highest 
impact strength with low water- 
absorption, low loss properties, 
and improved machinability. 
The new epoxy Di-Clad® lami- 
nates for printed-circuit use also 
display exceptional foil-bonding 
strength, high hot-solder-resis- 
tance, and higher maximum op- 
erating temperatures than pre- 
viously obtainable in standard 
laminates. 


5 RRR Rage es OPN RATE PR Se R 


And now permanent flame- 
retardancy and excellent arc- 
resistance are added to many 
grades of epoxy laminates from 
CDF, both GB and XXXP. These 
laminates, known as the EFR 
series, meet NEMA G-11 and 
MIL-P-18177B, Type GEB. This 
combination of properties should 
further widen the range of ap- 
plications for this superior in- 
sulating material. CDF Tech- 
nical Bulletin 11200 describes 
epoxy Dilecto and Di-Clad lam- 
inates in detail. 


CDF SILICONE-RUBBER TAPES 
INSULATE 
ELECTRO-FLEX HEATERS 


Vulcanized “sandwiches” of uncured 
CDF silicone-rubber tape around 
patterns of resistance wire—that’s 
what new Electro-Flex heaters are 
made of. 

Electro-Flex, a CDF customer, 
makes these heaters for pipes and 
valves in the fuel systems of all 
U.S. missiles and rockets. They’re 
used also as storage-drum heaters, 
crystal-oven heaters, and heat-seal- 
ing units. 

The standard Electro-Flex heater, 
which is actually comparable to a 
miniature electric blanket, consists 
of four plies of CDF silicone-rubber 
tape (woven glass-fiber cloth with 
uncured silicone-rubber calendered 
on). Each ply is .010-inch thick. 


Other Electro-Flex heaters are de- 
signed particularly for flexibility or 
for thinness where the application 
so warrants. New uses for these 
tiny temperature-control devices are 
being uncovered every day. CDF 
supplies Electro-Flex with 80% of 
its silicone-tape requirements. Full 
information on CDF silicone-rubber 
tapes is available in Bulletin SR-3. 


SKIVED TAPES 
OF UNSUPPORTED TEFLON 


Four new grades of tape, made of 
skived duPont “Teflon” TFE fluoro- 
carbon resin, are now available from 


CDF. Excellent electrical proper- 
ties, resistance of all common chem- 
icals, and a low coefficient of friction 
characterize these new tapes, de- 
signed primarily for high-tempera- 
ture and high-frequency wire and 
cable insulation. However, they 
may be used also as stock from 
which gaskets, seals, and miscel- 
laneous small parts can be cut. 
CDF tapes of Teflon range in 
width from 14,” to 12” in 1” incre- 
ments, in thickness from .002” to 
.100”. Request Technical Bulletin 97. 


NEW CDF LITERATURE « Bulletins referred to in this advertisement may be obtained from your 
CDF representative, or you may send the coupon below, indicating the Bulletins you want. 





Please send me the following Technical Bulletin(s): 


C] Bulletin 11200 — CDF epoxy Dilecto and Di-Clad 
laminates 


[] Bulletin SR-3— CDF Silicone Rubber Tapes 


oi Bulletin 97 — CDF skived Teflon tapes 
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Company___ SS 


Street Address 


® 


City 


___State_ 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Keintt COMPANY + NEWARK 13, DEL. 


In Canada: 46 Hollinger Road, Toronto 16, Ontario 
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INCREASE YOUR STATOR PRODUCTION WITH A 
LINCOLN AUTOMATIC STATOR WINDER 


a 
e 


~~ 


c 


U.S. and Foreign Patents Pending 


cabinet or standard 19-in. rack mount- 
ing with 8%4-in. panel. Armour Elec- 
tronics, 4201 Redwood Ave., Los An- 
geles 66. >535 


OPEN-BLADE 

PUSHBUTTON SWITCH 

Small switch for through-panel mount- 
ing features DPDT circuitry and com- 
bination side and tail solder terminals. 


6 
| OS 


ALL ABOVE STATORS WERE WOUND ON A LINCOLN STATOR WINDER 


WINDS 1, 2, 3 AND UP TO 8 POLES SIMULTANEOUSLY 

WINDS 1 TO 6 COILS PER POLE 

WIRE SIZES FROM #14 TO #30 FORMVAR, GLASS, ENAMEL OR COTTON COVERED 
WILL WIND PARALLEL WIRES SUCH AS TWO #20 IN PLACE OF ONE #17 ON A 
FOUR POLE MOTOR WINDING A TOTAL OF 8 #20 WIRES SIMULTANEOUSLY 
STACK LENGTHS UP TO 34%” — LONGER LENGTHS OPTIONAL 

BORE SIZES 2%“ to 6” — SMALLER OR LARGER BORES OPTIONAL 

VARIABLE SPEED UP TO 150 TURNS PER MINUTE 

COMPLETELY AUTOMATIC DURING WINDING CYCLE 

MACHINE IS MECHANICALLY OPERATED AND CONTROLLED BY AIR AND ELECTRIC 
MACHINE IS PROVEN IN THE FIELD AND WELL ACCEPTED BY PRESENT USERS 
EXAMPLE OF STATOR BEING WOUND ON PRODUCTION — 4-POLE STATOR 
3%,” OD, 3 COILS PER POLE, 125 TURNS OF #20 FORMVAR PER POLE, PRO- 
DUCES 50 STATORS PER HOUR AT 100% EFFICIENCY. 


FOR FURTHER INFORMATION OR ARRANGEMENTS FOR DEMONSTRATION WRITE: 


Milwaukee 4, Wisconsin 


hee ae etal La 1000 S. 5th St., MI 5-4982 


TURING CO. 


Rating, 10 amp, 125 volts a-c; gold- 


; lashed or palladium contacts. Switch 
Circle 252 on page 17 flashec or | adi 
has 0.015-in. minimum overtravel. Op- 


force on button, 8 oz max; 


release force, 2 0z minimum. Acro Div.. 
Robertshaw-Fulton Controls Co., Box 


i49, Columbus 16, Ohio. >536 


INTEGRAL-HP GEARMOTORS 
AND SPEED REDUCERS 


Enclosed gear drives are suitable for 
speed reduction units 125 hp = and 
smaller, with output speeds from 780 
to 1.2 rpm at 1750 rpm input speed. 
Foot-mounted, flange-mounted and ex- 
tended flange straight-line units avail- 


erating 


new “LOCK-PLUG” 


AND 


“LOCK-EXTENSION-JAX” 


A locking device designed into a Phone Plug and Extension 
Jax making it possible to “lock” the connection after the Plug 
has been fully inserted into the “Lock-Extension-Jax” or its 
mating panel jack which has thread projecting beyond lock nut, 


| ee 


“"LOCK-EXTENSION-JAX”’ 


able as integral-type gearmotors, as 
all-motor type gearmotors, and as sep- 
arate Shaft- 


mounted reducers available in ratings 


speed-reducer units. 


““LOCK-PLUG”’ 


Two or three conductor types. Has 
coupling ring that can be threaded to 
the thread projection of the mating 
panel Jack or to the threaded-end of 
“Lock-Extension-Jax”. Makes proper 
contact to mating Jack without tight- 
ening or attaching coupling ring 
when a rapid disconnect is desired. 


Two or three conductor types. Has 
threaded end to accept coupling 
ring of “Lock-Plug’’. Will also mate 
properly with standard phone plug 
where no “lock” requirement exists. 
Outside diameter of body is same as 
body of mating “‘Littel Plug’ or 
“Lock-Plug”’. Completely shielded. 


through 40 hp. Wagner Electric Corp.. 
6400 Plymouth Avenue, St. Louis 33. 
Mo. >537 


Completely shielded. 
Send for Bulletin $-595. 


LOOK TO SWITCHCRAFT FOR NEW PRODUCTS—NEW DESIGNS 


BOOTH # 6 # Oo = 1959 WESCON ELECTRONICS SHOW 


SAS aa Cow Palace—San Francisco—Aug. 18-21 


5539 N. Elston Ave., Chicago 30, III. 
Canadian Rep.: Atlas Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS e 
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(Continued on page 254) 
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finest alloy resistance wire 


ay tw 
RESISTOR 

| YOU CAN 

| STAKE YOUR 

| REPUTATION ON 


specially selected ceramic core materials 


a See 


rigid, low resistance terminals 


our own VITROHM enamel, first coat. . 


Built-in VITROHM reliability, from core to final vitreous 
enamel, lets you solder these resistors in and forget ’em 


They come in a tremendous variety of 
sizes, shapes and ratings, but all Ward 
Leonard VITROHM resistors have one 
thing in common: They’re built for 
maximum reliability. 

Take just one point—ceramic cores, 
for example: Made by Ward Leonard 
to exacting specs, the cores feature 
low-porosity, high-dielectric-strength 
ceramic for maximum moisture exclu- 
sion and good electrical insulation. 
What’s more, the thermal coefficient 
of linear expansion of ceramic is spe- 
cially selected to make the core com- 
patible with resistance wire, enamel 
and terminals... to prevent cracking, 
crazing, peeling, or layer separation. 


AUGUST 1959 


And there’s thesame meticulous care 
with all the other elements that go to 
make up a finished VITROHM resistor: 
terminals, spot welded or brazed junc- 
tions, resistance wire, and last but not 
least, W/L VITROHM enamel, formu- 
lated and manufactured in our own 
modern enamel smelting plant... pro- 
vides complete electrical and mechani- 
cal protection. 

To insure reliability in your product 
... specify VITROHM’s. Write for data 
packed catalog #15, and list of stock- 
ing Electronic Distributors: Ward 
Leonard Electric Co., 34 South Street, 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada Ltd., Toronto.) 4 
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ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


a a ee ae ee | 


LIVE BETTER... E/ectrically 
BRealO-E ryincored Coitiols Since 1892 


go @) & | le] Tea 


‘ ‘ ’ ‘ 
RESISTORS | RHEOSTATS) RELAYS {CONTROLS} DIMMERS 





ALL 
NEW? COPYFLEX 


MgO-insulated, Inconel-sheathed wires 
withstand ambient temperatures — to 
2000 F. Conductors of either Chromel- 


WK 


Alumel or Twelve 
standard constructions, with wire from 
15 to 28 AWG, can be furnished from 
stock. Revere Corp. of America, Wall- 


ingford, Conn. >538 
SMALL PRESSURE CONTROL 


Control, which uses a SPDT mercury 


iron-Constantan. 


HIGH-TEMPERATURE 
’ Es Feus Po EREES THERMOCOUPLE WIRE 


switch, is suitable for applications in- 
volving air or gases (not injurious to 
Features are 
external adjustment and repetitive trip 


steel or silver solder). 


IT HAS EVERYTHING ] 
EXCEPT A HIGH PRICE. 


Here, without question, is the greatest value in reproduction today! 


Bruning's Copyflex 435 is a completely new medium-volume machine that | 
offers you all the conveniences of most big-production machines but a 
an amazing low price! 


It has a spacious 42” printing width, powerful 3,000* watt lamp, and point. Operating range of Type AP- 
a mechanical speed of 40 feet per minute ... plus a host of such con- | 153. 1 to 20 psig; fixed differential, 
veniences as automatic separation, a foot lever for releasing incorrectly | max pressure, 30 psig. Con- 
fed stock, adjustable front print tray, automatic tracing stacker, new | tacts, 115 volts, 4 amp. Case is NEMA 
air filtering system that assures cleaner prints, and a pressure-roller | 1. Size, 444 x 3! x 27% in. Mercoid 
developer system that provides positive print development at all speeds. | Corp., 4201 Belmont Ave., Chicago 41, 
The 435 is fully equipped for roll stock. It provides selective front or | Tl. »539 


rear print delivery. METALLIZED GLASS 


0.5 psig: 


Like all Copyflex machines, the 435 is odor-free, requires no venting, 
plumbing, or auxiliary equipment. Built by Bruning, it offers the dur- 
ability and dependability that Bruning machines are famous for. You 
have everything to gain by investigating now the whiteprinter that 


BRUNING 


The Bruning Man 
is your expert on 
diazo reproduction. 
He's backed by a 
company with over 


60 years’ experience. 


gives you everything at the lowest price ever! 


*4,000 watt lamp optional. 


pyhex, Low Cost Diazo Reproduction at It's Best! 


Charles Bruning Company, Inc. Dept. 8- WW 
1800 Central Rd., Mt. Prospect, Illinois 


Offices in Principal U. S. Cities 
In Canada: 103 Church St., Toronto 1, Ont. 


Please send me more information on the new Copyflex Model 435. 
Name Title_ 


Company 





Address_ 


City County 
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INDUCTORS 


Inductors are tuned- 


frequencies 


designed — for 
circuit applications at 
above 30.0 me. Line, which covers 25 
inductance values, is available on off- 
the-shelf basis. Temperature coefficient 
is 8 to 16 ppm/deg C over the range 
of 55 to +125 C for an inductor 


(Continued on page 258) 
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Old Raducecl y 


ATI 
STEELS 


when this tag is attached! 


The hundreds of coils of Republic Silicon Strip shown 
above are tagged for shipment to widespread destinations, 
for use in a diversity of electrical product applications. 

Each has been /aboratory tested. As an integral part of its 
silicon steel facilities, Republic maintains a completely 
equipped magnetic testing laboratory. Samples taken from 
various parts of each lot are carefully checked for quality 
and uniformity. Tests such as this confirm the effectiveness 
of Republic’s stringent quality-control measures—which 
begin at the open hearth, and continue through every 
phase of silicon steel production. 

It will pay you to investigate the wide range of silicon 
steels produced by Republic, and the improved perform- 
ance their use can bring your products. For further 

TEST STRIPS, tagged, dated, and filed in special racks, provide information, contact your nearest Republic office, or write 
an accurate record of the properties inherent in each Republic Republic Steel Corporation, Department EM-8036, 1441 
Silicon Steel shipment. Data available to Republic customers. Republic Building, Cleveland 1, Ohio. 


of ol 


a 


REPUBLIC STEEL (es 
Werlets WhikesC Kenge vi Stindlard, Steels ond, SC, Prodi 
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INN. 


What types of magnet wire 
can you get from G.E.? 


Here are a few examples of the supply available: round, square, 
and rectangular magnet wires, made from copper, oxygen-free 
copper, or aluminum. 

The list of insulations include: Formex*, Alkenex**, and 
Deltabeston* (asbestos or glass). Also insulations using 
polyurethane, nylon and Teflon films, and asbestos, glass, 
and Dacron glass, with or without silicone, for high-temperature 


applications. 


Many combinations of all these insulation materials are avail- 
able, too, such as double Dacron glass silicone or asbestos 
silicone. What’s more, Butvar film overcoats are provided on 
certain insulations for yoke coils and other preformed coil 
applications. Send coupon for detailed information. 


Why is General Electric the most dependable 


You get EXACTLY what you need. G-E magnet wire 


comes in a broad range of sizes, in all basic shapes, 


and with many types of insulation. This means that 
you can choose a wire that exactly meets the specifica- 
tions for your electrical or electronic product. This 
variety of product types is typical of the entire line 
of G-E wires, cables, and cords made for the original 
equipment manufacturer—the broadest line of such 
products made today. 


* Reg. Trade Mark of General Electric Compa 
** Trade Mark of General Electric Company re 


You get G-E product-tested quality. General Electric 
magnet wire is made according to the highest possible 
standards, by the most modern, improved processes. 
These magnet wires are identical in every respect— 
design, engineering, and manufacture—to the wire 
used in General Electric’s own high-quality products. 


You get prompt delivery and service. Most G-E 
magnet wire is readily available from regular stocks 
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source of all the magnet wire you need ? 


in warehouses located all over America. Special types Mail the coupon now for complete information about 
or unusual sizes can generally be made to order G-E magnet wire, or for other wires, cables, and cords 
quickly in G.E.’s east, west, or mid-west plants. The for the original equipment manufacturer. 
strategic location of these plants and warehouses 
assures dependable, on-time delivery. 

And G-E wire and cable field engineers are always Progress ls Our Most /mportant Product 
nearby, ready to discuss your magnet wire require- 
ments and to provide complete engineering service and G t N ke Q A L @ E LE C T P | C 
assistance. 


General Electric Company | ; . 
Wire and Cable Dept. : 

Section W232-822 —_ 
Bridgeport 2, Connecticut 


Please send me complete information about the items 
checked: 


G-E magnet wire 


G-E wires, cables, and cords for the following products: 


LY 





(_] My wire problem is attached. What do you suggest? 
OC 

Company 

Address 

ee 


ee eee eee 
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for custom rubber parts 
to your exact requirements 


... specify STALWART! 


Wie 
} oie cur | 
ea 


Channels or chicken pluckers .. . 
washers or weatherstrips ... you 
name it and we'll make it! And we'll 
produce it to meet your most pre- 
cise design specifications! Stalwart 
offers you a complete rubber parts 
service ... Rubber Engineers develop 
your special compound from natural, 
synthetic or silicone rubbers . . . Lab- 
oratory Technicians pre-test actual 
performance ... our own completely 
equipped Tooling Department pro- 
duces the necessary extrusion dies... 
skilled Production Personnel operate 
the latest rubber machinery for max- 
imum economy, dependable delivery 

. and our Quality Control Depart- 
ment protects your interests! This 
means you get higher quality at a 
lower cost ... the result of nearly 40 
years of fabricating experience! To 
solve tough rubber parts problems... 
cut assembly costs, specify Stalwart. 


PRECISION GROUND 


Write today for complete information. 
Ask for your copy of Stalwart Catalog SR-59. 


TALWART 


RUBBER COMPANY 


Manufacturing facilities in 
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27 Northfield Road * Bedford, Ohio 


Jasper, Georgia and Bedford, Ohio 


without cores or tuning devices. In- 
ductance values range from 0.05 to 
1.3 wh. Average Q factor for 0.05 ph 
inductors is 150 at 150 me and for 1.3 
wh inductors is about 120 at 30 me. 
Corning Glass Works. Corning, New 
York. >540 


SNAP-ACTION SWITCH 


Wiping action of moving contact and 
operating force of 27 gm max are 
features of Model JMP-100 SPDT 
switch which has differential of 0.030 


aa 

at ce ae tae Te 
LUMBUS 0 
PAT. PEN[ 


in. max and is rated 125 volts a-c at 
5 amp. Model JMP-500 SPDT switch 
(illustrated) has differential of 0.007 
to 0.015 in. (depending on contact 
gap) and is rated 125 volts a-c at 12 
amp. JMP-500 has operating force of 
20 oz max and contact-wiping action. 
Columbus Electric Manufacturing Co., 
2005 East Main Street. Columbus 5, 
Ohio. >541 


D-C SOLENOID CONTACTOR 


NEMA Size 4, 150-amp contactor fea- 
tures double-break, silver-to-silver main 
contacts with integral magnetic blow- 
outs and individual arc-resistant hoods 
and are barriers for each pole. Single- 
and double-pole units are for general 
purpose and machine tool controllers 
and for switching lamp, battery and 
other d-c loads. Coils available for 115 
and 230-volts d-c or a-c operation. 
Ward Leonard Electrie Co., 34 South 
St.. Mount Vernon. N. Y. >542 


(Continued on page 260) 
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100 RPM QUTPUT 
SHAFT SPEED 


00 RPM 
OAT Speen 
RIGINAL Pos Ton 


MOO" A TIT I08 00" 


This one modern Reuland 
power package does all five! 


Today’s ingenous, automatic machines 
have demanded a whole new concept 
in electric motors. No longer will “just 
any motor do” because the motor now 
becomes merely an integral part of the 
modern drive package. 
Reuland’s “Xpandable Design” idea 
originated this modern new. approach 
several years ago. With this unique 
system, drives incorporating many 


varied factors are supplied as a single 
unit . . . tailored to the needs of each 
individual customer. 

Modern Reuland Power demon- 
strates every day that there is some- 
thing new in electric motors. Whether 
your own drive needs are more com- 
plicated, or less, than the above sketch 
. . + it will pay you to take stock and 
compare with what Reuland can offer. 


Our New General Catalog Will Come 
In Handy — Sent FREE On Request 
Gives details on Reuland’s “Xpandable De- 


ee 


also shows how O.E.M.’s save 


money by using Reuland’s free “Special Mo- 
tor Library.” Get a copy for your files now, 


for sure. 


MODERN POWER FOR MODERN-DAY PRODUCTS 


fh U 


ae as 


MODERN REULAND POWER 


This unit contains an internal fluid 
coupling . . . a two-speed reversing 
duty motor .. . gear reducer... and 
ry dulce ee LCM Cem ee ee 
reducer and the fluid coupling. It is 
typical of the literally hundreds and 
hundreds of tailored adaptations 
PETE ee ee 
modern ‘‘Xpandable Design’’ idea. 
It is easy to see how this one, com- 
pact drive package saves costs and 
space and weight in comparison to 
installing separate drive units. 


REULAND ELECTRIC COMPANY ; 


WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Mic 
DISTRIBUTORS IN ALL PRINC 





E | LOCKING FASTENERS 
DO you ME ED Automation Flanged screws and nuts lock with 
ratchet-like teeth. Circular groove in 


FOR SINISHING WIRE LEADS flange increases diaphragm action, flex 
WITH TERMINALS ATTACHED? Ss a 


ing flange as carburized teeth imbed 
upon seating to help maintain residua! 
tension in fasteners. Tensilock  fast- 
eners require nearly 150 per cent of 
application torque to loosen. Pre-lu- 
bricated screws and nuts have tensile 
strength of 125,000 psi. Available in 
sizes from No. 6 to %g in. in any 
length from twice diameter up and in 
a range of sizes and styles. Russell, 
Burdsall & Ward Bolt and Nut Co., 
103. Midland Avenue, Port Chester. 
My >543 


300 AMPERE-HOUR CELL 

Silver-cadmium cell (illustrated beside 
18-in. ruler) extends line of Silead 
power sources from 0.1 to 300 amp- 


hr. Cell of 300 amp-hr capacity cap- 


new ARTOS 
TA-20-S 
Performs 
4 Operations | te Ce yy 
Automatically! a” able of approximately 500 complete 


discharge-charge cycles and 3000 par- 

__Artos TA-20-S | tial-discharge cycles. Yardney Electric 

ere eee 4] Corp., 40-50 Leonard St.. New York 
: iN, Y > 

. Measures and cuts solid or stranded wire 2’ to 250” in length. 13, N. Y. ad 

. Strips one or both ends of wire from 1/9” to 1”’. FHP GEAR MOTOR 


. Attaches any prefabricated terminal in strip form to one end of wire. Gear motor delivers 175 in.-lb at 10 

(Artos Model CS-9 attaches terminals to BOTH ENDS OF WIRE rpm and is available in single speeds 

simultaneously.) from 1% to 1000 rpm. Ball-bearing mo- 

tor is suitable for machine tools, busi- 

. Marks finished wire leads with code numbers and letters. (Available ness machines, vending machines and 

as optional attachment.) other applications. Gear assemblies are 

copper brazed. Bearings at output 

PRODUCTION SPEEDS up to 3,000 finished pieces per hour. point of gear train are bronze. Motor 

Can be operated by unskilled labor. Easily set up and adjusted is totally enclosed, shaded-pole, 2-pole 
to different lengths of wire and stripping—die units for different 


types of terminals simply and quickly changed. 


ENGINEERING CONSULTATION... recommendations without ob- 
ligation. Special adaptations made to fit requirements of your 
product. Machines for all types of wire lead finishing. 


VISIT US AT 


BOOTH 1101— WRITE for FREE Bulletin No. 655 on Artos TA-20-S 


WESCON SHOW eee Raietinns to 


ARTOS ENGINEERING CO. 
2741 South 28th Street ° Milwaukee 46, Wisconsin 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


ALCOA DISCOVERS WONDERFUL 
NEW WORLD OF INDUSTRIAL TELEMETERING 


Aluminum Company of America engineers have just cut 
the cost of measuring large amounts of direct current 
used in smelting operations by replacing conventional 
meter-and-shunt arrangements with CONTROL’S trans- 
ductors. Beyond cost-cutting, the installation at Alcoa’s 
new plant at Massena, New York, sets new highs in op- 


distance of several hundred feet, with no direct connec- 
tion to the bus bars which carry the heavy current! The 
CONTROL transductor is in essence a d-c current trans- 
former, and unlike the meter-with-shunt, it can be used 
for remote measurements, regardless of distance—and 
still retain its guaranteed + 1% accuracy. This is static 


erating reliability, convenience and safety. Telemeter- 
ing of a hot 8,000 amperes at 600 volts is done over a 


control, and it’s based on high permeability magnetics. 
A transductor catalog awaits your request. 


STATIC CONTROL= 
TRANSDUCTOR = SIMPLICITY 


What appeals to engineers (Alcoa and otherwise) about CONTROL 
transductors is their simplicity. Two Orthonol® (nickel-iron alloy) 
cores are connected electrically in opposition, the bus bar runs through 
them, and you have the world’s simplest device for measuring large 
currents over long distances. No need for calibrated leads (as with 
meter-and-shunt). They are comparatively easy to cut into the line— 
mount like donut current transformers. The transductor loops around 
the bus and is not even directly connected to it! Alcoa sums the read- 
ings from several transductors measuring different bus lines simply 
by feeding their outputs into a totalizing transformer. Potential 
differences of the lines being summed have no effect. Our catalog 
shows the simple circuitry, and details the full range of transductor 
sizes from 200 to 25,000 amperes. Write for your catalog. 


At Alcoa: Technician inspecting CONTROL transduc 
tor, one of 48 measuring 8,000 amperes at 600 voits 


ALL THIS... 
AND THE RIGHT PRICE, TOO! 


We're selling a lot of transductors. It’s their flexibility that catches 

the customers. To wit: Variations in ambient temperature, or stresses 

on the bus bar as the building settles have no effect on accuracy. To 

wit: They provide a usable power output: you can run relays and mag- 
netic amplifiers directly from the transductor with no 
booster amplifier. To wit: Additional accessory meters 
can be easily added at a later time. To wit: They install 
easily. You open the line, slip on the CONTROL transduc- 
tor, reconnect—and the job is done. And—they are com- 
petitively priced! The higher the ratings, the less they 
cost compared to competitive methods. Prices and com- 
plete information await your immediate request. 


At Alcoa—Several hundred feet 
away: Readings are taken on 
both individual transductor 
meters and totalizing meter. 


Reliability begins with CONTROL. 


c 
A DIVISION OF MAGNETICS. INC. 


DEPT. EM-68, BUTLER, PENNSYLVANIA 
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No other terminal block — 
TST l(a) 
gives you all the 
lee Ti cele [ols 


SUG 
MD pres-SURE-blocks 


NO WASTE CIRCUITS—Reduce materi: al costs and save 
space. Make up exact length blocks required from 20 pre- 
assembled snap-fit contact sections. Merely pull off or add 
groups of sections as needed, — snap on end section to 
complete block. No unused contacts. 


SMALLER INVENTORY — Only 2 different parts make 


any length block. Have complete production flexibility 
without stocking all required lengths. Avoid running out 
of any needed items. 


MORE CIRCUITS IN AVAILABLE SPACE — Increase 
capacity of individual contacts and decrease jumpering by 
grouping two or more Common wires In tubular contacts 
any combination equal to 1 #22 thru 1 #8). 20 circuits 
only 914” long, — contacts on 7/16” centers. Also save 
space lost mounting 2 or more blocks in line. 


NO TERMINALS OR LUGS — Eliminate material and 
labor costs of lugging by using tubular-screw or tubular- 
clamp contacts which provide secure and highly efficient 
direct-to-wire Connections. 


NO HIDDEN CIRCUIT MARKINGS — Minimize circuit 
identification errors with marking areas on top of blocks, 
completely unobscured. Choice of integral painted, slip-in 


vinyl,or pressure sensitive strips. 


QUICKER TO INSTALL, EASIER TO CHANGE — H: ind 
assembled. No fixtures o1 w® miscellaneous hardware re- 
quired, Use mounting screws only every 12 contacts, — 
screws need not be removed to add circuits. Easy to re- 


plac e or add “inside” contact sections, 


LOW INSTALLED COST — Countless users have proven 
that installed costs compare favorably with conventional 


sectional or one prece blocks — regardless ot price. 


Conservative 750-volt rating + Flat Base or Channel Mounting 
Tubular or Strap-Screw Contacts * Fanning Strips available 


g ELECTRICAL PRODUCTS CORPORATION 
LY, HILLSIDE, NEW JERSEY 


‘n Conada 
RON ‘ON Write for 
Export Bulletin 
~NEW 1-8 
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type for 115 volt, 60 eps power. New 
England Gear Works, 557 So. End 
Rd., Southington, Conn. > 545 


PRINTED-CIRCUIT R-F 
RECEPTACLE 


Connecting coax cable to printed wir- 
ing is accomplished by “ConheX” Type 
3007 receptacle. Four milled studs at- 
tach receptacle to wiring board by 


dip soldering. Center contact rigidly 
held in assembly between two insu- 
lators and is soldered to printed wiring. 
Also available as Type 3008 right-angle 
receptacle with uniform — dielectric 
thickness on all sides of contact. 
Sealectro Corp., 610 Fayette Ave., 
Mamaroneck, N. Y. >546 


SOLID-STATE RELAY 


Relay uses silicon diodes and tran- 
sistors and may be used as a_ polar 
relay in communication systems such 


as teleprinters. Model 530-B_ relay 
meets military specifications. Complete 
weight, 26 oz. Trepace Corp. of Amer- 
ica, 30 W. Hamilton Ave., Englewood, 
N; J. >547 


PAPER-BASE EPOXY 
LAMINATE 


Epoxy-resin laminated plastic features 
(for 1/16-in. thickness) water absorp- 
tion, 0.40 per cent; insulation §resist- 
ance (condition C 96/35/90), 150.- 
000 megohm; flexural strength, 27,500 
psi lengthwise, 19,500 psi crosswise. 
Self-extinguishing Grade XY-1 furnish- 
ed in 37 x 49 in. sheets from 1/32- 
to 1/4-in. thick. Also available in cop- 
per-clad form. Bond strength of copper 
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PUTTING MAGNETICS TO WORK 


Hold your frequency under fire (and ice)! 


New linear permalloy core keeps filters frequency-stable over 
a wide range of temperature conditions—at half the cost 


Designers of audio filter networks, faced with the high price 
of components and the need for frequency stability over a 
wide swing in ambient temperatures, can now benefit from a 
most significant development—the linear molybdenum perm- 
alloy powder core. 

The linear cores we've developed are used with polystyrene 
capacitors. This combination costs as little as half the price 
of temperature-stabilized moly-permalloy cores and the sil- 
vered mica capacitors with which they must be used. 

What's more, frequency stability is increased! For tempera- 
tures ranging from —55°C to +85°C we have observed fre- 
quency stability variations as low as 0.05%. This is consider- 


ably less frequency shift than normally expected with tem- 
perature-stabilized combinations. 


We guarantee the temperature coefficient of these linear 
cores within a very narrow range! Information regarding 
sizes, prices and performance behavior awaits your request. 
Popular sizes,,in 125 permeability only, available immedi- 
ately from stock. Magnetics, Inc., Dept. EM-/1, Butler, Pa. 


MAGNETICS inc. 


SEE US AT WESCON! 
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“Where can flame-retardance improve your product; 
make it safer...function better...or sell faster?” 


Choose from 11 National Materials—in sheets, tubes, rods, formed shapes, or precision-fabricated parts 


Computers, high-voltage switchgear, home appliances, 
television receivers, radios and radar . . aircraft and 
missile instrumentation in fact, with any product 
where fire is a potential, flame-retardant laminates pay-off 
in design features and product protection. 

The “‘pay-off"’ comes in protection of lives and expen- 
sive equipment from fire, because these materials are self 
extinguishing. As barriers, base plates, terminal boards, 
support members, printed circuits—National's family of 
flame-retardant materials is solving problems of fire contain- 
ment and those involving both fire and electrical insulation. 

Surprisingly, /ow cost is a feature of several of these mate 
rials. And since they mean more safety and product protec- 
tion for the user, the ‘‘pay-off’’ also comes in the form of 
added product sales features 

Write for complete property values on these eleven ma 
terials, and let us know what your particular problem is. 
If you wish samples and price information drop us a note 
on your letterhead. National Vulcanized Fibre Co., 


Dept. C-8, Wilmington 99, Delaware. 


Grade 


PYRONIL 
X-121 


GP-9204 
G-5-813 
G-7-832 
GH-871 

EP-491 
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Base 


Cellulose 
Paper 
Paper 
Paper 
Paper 

Glass Mat 
Glass Mat 
Glass Cloth 
Glass Cloth 
Glass Cloth 
Paper 


Extinguishing 
Time (sec.) UL 
None < 1 
Phenolic 2-4 
Phenoli 1 
Phenolic 115-2 
Phenolic <1-11y 
Polyester 
Polyester 
Melamine 
Silicone 
Phenolic 
Epoxy 


Resin 


1. Weldor’s Shield. 2. Box. 
3. Coil Forms. 4, Circuit Breaker 
Parts. 5. Coil Form Base. 
6. Film Splicer Housing. 7.High 
Voltage Bushings. 8. Bus Bar 
Insulator 9. Printed Circuit 
10. Portable TV Shields 
11. Switch Shields. 12. Switch 


Plates. 13. Standoff Insulator 
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CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 

PHENOLITE® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 


PeeRrtess Electrical Insulation: coil, strip, 
corrugated, 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PuHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Meral-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


Baltimore ..... VAlley 3-0393 
Boston pice .. TWinbrook 4-3500 
Chicago AUstin 7-1935 
Cincinnati GArfield 1-0632 
Cleveland , ERieview 1-0240 
Dallas 3 DAvis 4-4386 
Denver..... Main 3-2077 
Detroit. UNiversity 3-3632 
Griffin, Ga. . . : ‘ 8-1308 
Indianapolis W Alnut 3-6381 
Los Angeles RAymond 3-0291 
Milwaukee BRoadway 6-6995 
New Haven LOcust 2-3594 
Newark Mltchell 2-6090 
.COrtlandt 7-3895 
SHerwood 8-0760 
. FAirfax 1-3939 
Rochester . Hillside 5-0900 
St. Louis .eeeeees..PArkview 5-9577 
eee 5-5505 
San Francisco ; DAvenport 6-4667 
Seattle ohne ar, MElrose 2-7298 
Wilmington OLympia 5-6371 
IN CANADA: 
National Fibre Co. of Canada, Ltd. 
Toronto LEnnox 2-3303 
Montreal AVenue 8-7536 


a NATIONAL 


VULCANIZED FIBRE CO. 


Philadelphia 
Pittsburgh 


79 DE AWARE 
in Canada 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontarig 
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cladding to paper-base laminate, 10 
lb for l-oz material and 13 lb for 2-0z 
material. No blistering occurs when 
clad laminate is floated copper side 
down in 500 F solder for 30 sec with 
l-oz cladding. Taylor Fibre Co., Nor- 
ristown, Pa. >548 


PRINTED-CIRCUIT LIGHT 


Transistor-driven indicator light for 
direct mounting on _ printed-circuit 
boards is completely encapsulated and 


includes neon lamp and_ associated 
circuitry. Series PCL operates from 
signals as low as 2 volts and is avail- 
able in 14 models for various com- 
binations of signals and voltage in 
computers, control and signal systems. 
Transistor Electronics Corp., 3357 Re- 
public Ave., Minneapolis, Minn. ~>549 


ADJUSTABLE 

LIMIT-SWITCH ARM 

Adjustable 3-piece arm, designed for 
use on conveyors, machine tools and 
various types of automation equipment, 
may be varied to fit any special ap- 


plication. Arm is for use on Square D 
Type T heavy duty limit switches. 
Square D Company, 4041 No. Richards 
St., Milwaukee 12, Wis. »550 


VERTICAL PRINT FILE 


Vertical file for single sheets allows 
150 individual sheets up to 42 in. wide 
to be filed in one lineal foot. Sheet 
is attached to its own aluminum hang- 


This “Diamond H” 


® 
Checklist of 


Reliable Controls 


.. . Relays, Thermostats, 
Switches . 
meet your specific require- 


. engineered to 


ments in a wide variety of 
applications including air 
conditioning, appliances, air- 
craft, missiles, machine tools, 
panel boards, heater and mo- 
tor control circuits, and many 
others. 


Ask also for our new applica- 
tion data sheets on Series R 
and Series W Relays, and 
Rotary Switches. 


“ HART 


MANUFACTURING COMPANY 
211 Bartholomew Ave., Hartford 1, Cons. 
Phone JAckson 5-3491 
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Precision made Ceramic parts 


to meet your EXACT specifications 


Through the years Wisconsin Porcelain 
Co. has consistently demonstrated its 
ability to make ceramic parts to exact 
requirements. 

The uniformity and toughness of 
Wisconsin Ceramics speeds assembling 
and reduces production costs. Wisconsin 
Ceramics are especially adapted to auto- 
matic Of semi-automatic processes. 

Whether you need porcelain, refrac- 
tory, steatite or filter parts, you will find 


that Wisconsin Ceramic parts reduce 
rejects to a minimum and help cut 
production costs. 

We will be glad to quote prices and 
delivery ...or our engineers will work 
with you on special Ceramic problems. 

Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN PORCELAIN CO. 


122 LINCOLN ST. * SUN PRAIRIE, WISCONSIN 
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Beryllium Copper Springs 


Call or write for 
1-S catalog 
including data on: 


e COMPRESSION SPRINGS 
e FLAT SPRINGS 
e STRIP SPRINGS 
e CONTACT RINGS 
e CONTACT STRIPS 


e SCREW MACHINE 
PRODUCTS 


FOR FURTHER 
INFORMATION 


SEE OUR 
CATALOG IN 


SWEET'S 
| 


MICRO-PROCESSED 
FOR EXTRA 
RELIABILITY! 


Micro-processed 1I-S beryllium cop 
per compression springs, being non- 
magnetic and corrosion resistant, 
and having good electrical conduc 
tivity, are exceptionally well suited 
for critical applications. Undesirable 
internal stresses are removed dur- 
ing heat treatment resulting in bet 
ter current carrying capacity, lower 
drift and higher endurance life. The 
exclusive process by which |-S 
Micro-processed springs are manu 
factured make it possible to fulfill 
the most exacting specifications in 


all respects. Unusually close toler- 
ances are held on diameters rang 
ing from .020” to 1.00” ID. Labora- 
tory certified beryllium copper wire 
in standard B & S gages from .0025” 
to .072” with a tensile strength of 
over 200,000 psi is used in producing 
|-S Micro-processed springs. Close 
quality control is maintained to in- 
sure correct spring rate and load 
requirements 


INSTRUMENT 
SPECIALTIES 
CO -INC 


54 Bergen Blvd. Cig 
iittte Falls, N. Jer 


Telephone: CLifford 6-3500 
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er with aluminum foil adhesive fast- 
eners. Notched 
rack which can be wall- or cabinet- 
mounted. Steel-cabinet models avail- 
able. Plan Hold Corp., 5202 Chakemco 
St., So. Gate, Calif. > 551 


hanger fits special 


MINIATURE PERMANENT- 
MAGNET MOTOR 


D-C motors are available for operation 
on any specified voltage between 3 and 
30 volts, with armatures wound to 
produce any desired no-load motor 
speed between 5000 and 20,000 rpm. 
Locked-rotor output torque for Type 
810 motor without gear train is 0.7 
oz-in., approx. Internal ‘ar trains 


ge 


available. With internal speed gover- 
nor, speed regulation is +2 per cent 
for +20 per cent voltage variable from 
no load to rated load. Housings, ano- 
double- 
shielded. Cramer Controls Corp., Cen- 
terbrook, Conn. >552 


dized aluminum: — bearings, 


MULTI-MESSAGE 
DISPLAY UNIT 


Lenticular optical display stores all 
messages on common viewing screen. 
(ny one message. chart or photograph 
can be selected and displayed by light- 


ing single miniature incandescent bulb. 


No interference between messages. 
Switching from one to another is’ in- 
stantaneous. Type LD-22 displays 16 
messages on common 2!4 x 2!'4-in. 


viewing screen. Type LD-35 displays 
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How | BaW JOB-MATCHED TUBING | 


helps you design a better end product 


You can get the right tube for your job with 
B&W Seamless Mechanical Tubing because you 
can choose from: 


...a range of sizes, grades, and finishes for 


design flexibility 


-+.a variety of heat treated conditions for 
the most suitable mechanical properties 


... Special shapes and prefabricated forms to 
improve design and simplify production. 

These are just some of the reasons it pays to specify 
B&W Job-Matched Mechanical Tubing. Call your 
local B&W District Sales Specialist, or write for 
Bulletin TB-361 for full information. The Babcock 
& Wilcox Company, Tubular Products Division, 
Beaver Falls, Pennsylvania, 


THE BABCOCK & WILCOX COMPANY 
TA.9009.SM4 TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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Pas 
mE 


d-c gmall motors 


TYPE FYLM 


14” DIAMETER 
PERMANENT 
MAGNET 
MOTORS 


Three standard frame lengths 


Constant brush pressure over 
entire motor life 


Large, rugged bearings 


Very low ripple — 
14-bar commutator and 
14-coil armature 


Standard or special mountings 
for interchangeability with 
other motors 


Radio noise filters, gear- 
heads and other special 
features available 


This popular sized motor can be 
supplied in voltages from 6V d-c 
to 115V d-c. Normal ambient 
temperature range —65° to 200°F 
(can be designed for —100°F or 
400°F). Rated output, 10 mhp 
continuous to 35 mhp intermittent. 
Rated torque, .05 Ib-in. to .16 lb-in. 
Weight, .26 lb to .43 lb. If you have 
a new or replacement motor ap- 
plication, contact Barber-Colman. 


THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp... . permanent magnet and split 
series types . . . various mountings and speeds... 
also available with gearheads or blowers. Tach 
Generators for accurate speed and 
servo rate control applications. Low-cost battery- 
operated motors. Resonant Relays characterized 
by low operating power, narrow band width. 
Ultra-Sensitive Polarized Relays operating on input 
powers as low as 40 micro-watts. 400 Cycle A-C 
Motors for aircraft and missile applications. 


low cost d-c motors 


precision d-c motors 


oe © 


tach generators 


a 


polarized relays 


indication 


400 cycle a-c motors 


TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrica 
components. Detailed specifica 
tions, performance data, circuitry 
Write for 
any or all products 


; drawings 
resonant releys 


bulletins on 


BARBER-COLMAN COMPANY 
Dept. I, 1803 Rock Street, Rockford, Illinois 


Electrical Components *¢ Automatic Controls * Industrial Instruments 
Air Distribution Products ° 


Metal Cutting Tools * 


Small Motors ° 
Aircraft Controls ° 


Molded Products ° 


Overdoors and Operators 


Machine Tools * Textile Machinery 
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screen, 


3 x 8 mm: 
Electronic 
Plainfield, 

>553 


messages on common 
Burroughs 


Division, Box 


Corp.., 
Tube 1226. 


ses 
SILICON GLASS DIODE 


Hermetically sealed diodes feature op- 


eration to 200 C. Maximum working 


voltage, 300; forward conductance, 
200 ma at +1 volt. Silicon Transistor 


Corp., Carle Place. N. Y. >554 


ALL-PURPOSE RELAY 

Nylon blade lifter is employed in 
Model RH relay which is suitable for 
use in industrial control and electronic 
equipment, vending machines and other 


applications. Available in voltages to 
230 110 d-e. 
be supplied with up to 4PDT and 5- 


volts a-c and Relay can 
or 10-amp contacts. Weight, 3 0z ap- 
prox. Artisan 171 
Ridgedale New 


Jersey. >555 


Electronics Corp., 


Avenue, Morristown, 


MINIATURE ELAPSED-TIME 
INDICATOR 


Timer has total 10.000 hr 
in- 
clude jewel bearings, gear train with 
1.8 billion to 1] 


motor. 


readout of 
readable to closest hour. Features 
low inertia 

WT-1l is 
MIL-E- 


ratio and 
Model 


sealed and meets 


Three-ounce 
hermetically 
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5272A. Power input, 214 watts at 115 
volts, 400 cps. Flange mounting is 
standard; other mounting arrange- 
ments available. Model WT-2 may be 
supplied for 60 eps operation. Wal- 
tham Precision Instrument Co., 221 
Crescent St.. Waltham, Mass. >556 


OFF-CENTER COPPER TUBE 

Tube for electrical and induction heat- 
ing applications is offered in square 
and rectangular sizes up to 3-in. diam. 


Copper tube available in all tempers 
with commercial shape tolerances and 
square or radius edges. Phelps Dodge 
Copper Products Corp.. ACP Div., 300 
Park Ave.. New York. N. Y. >557 


SWITCHING TRANSISTORS 


Series of 9 germanium power tran- 
sistors for power switching and power 
control circuits, such as d-e to d-e 
converters and regulated power sup- 
plies, can switch power up to 400 
watts. Provided in 3 d-c gain ranges: 
50-100, 75-150. and 100-200 at = col- 
lector current of 3 amp d-c. Desig- 
nated 2N1136.A.B; 2N1137,A.B; and 
2N1138.A.B; transistors have 5-amp 
max current rating and_ collector- 
emitter breakdown ratings of 40, 70 
and 80 volts. Bendix Aviation Corp., 
Red Bank Div... Long Branch, New 
Jersey. >558 


HIGH-FREQUENCY INVERTER 


Inverter supplies 115 volts +5 per cent 
at 2000 cps +1 per cent and 0 to 50 
va from 22- to 29-volt d-c input. Wave 
shape is sinusoidal with less than 5 
per cent total harmonic distortion. 
Sineverter SV2C1200 cannot be dam- 
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wide selection to fit your specific needs 


Because of their rugged construction, long Low-cost 
life . . . and the variety of types and sizes 
available . . . Barber-Colman a-c small 
motors are the choice of many leading 
vending machine makers. Applications 
include machines that dispense coffee, 
milk, hot chocolate, soft drinks, sand- 
wiches, cups . . . coin-operated cameras, 
currency changers, popcorn machines, 
record players, and the like. Four types 
of unidirectional nongeared, two open 
types of unidirectional geared motors plus 
an enclosed type to select from... all high 
in quality, yet low in cost. Write for new 
a-c small motors catalog. 


High starting torque 
Quiet running 
Compact... rugged 
Large oil reservoirs 
Precision hobbed gears 


Porous bronze or ball 
bearings 


Wide range of gear 
ratios 


BARBER-COLMAN COMPANY 
Dept.. T,1203 Rock Street, Rockford, Illinois 


Small Motors °* Automatic Controls * Industrial Instruments °¢ ¢ Aircraft Controls 
Electrical Components ¢* Air Distribution Products * | Overdoors and Operators 
Molded Products ° Metal Cutting Tools * Machine Tools ©@ - Textile Machinery 
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CURTISS & WRIGHT aged by overload, short-circuit or open- 
circuit. Power Sources, Inc., Burlington 


HIGH-RELIABILITY 


Mass. > 559 


SILICON RECTIFIER 

High-power silicon rectifiers are avail- 
able in nine peak-inverse-voltage rat- 
ings ranging from 50 to 500 volts. 
Hermet‘cally-sealed Series 300 pro- 


* 


vides up to 70 amp of forward d-c. 
Three-ounce rectifiers operate to 190 
C junction ambient. Max reverse cur- 
rent, 30 ma at rated piv. Nickel-plated 
case is cathode terminal. Westinghouse 


New DIGITAL MOTORS Electric Corp.. Box 2088, Pittsburgh 


Positive lock — bi-directional stepping motors 30, Pa. 560 


These bi-directional digital motors are designed to withstand 

severe environmental requirements and are operable under high MINIATURE D-C RELAY 

shock and vibration. In its function the digital motor indexes and Sensitivity of relay Series TQA is 20 
locks positively. to 100 mw. Various contact assembly 


forms may be supplied. Contact’ ma- 


The motors are available for angular rotation of 30° or 36° at a aie ls as 
. terigi: salver tor oO amp; gold é 
a rate of up to 40 pulses per second. id 


ULTRASONIC DELAY LINES TIME DELAY RELAYS 
Custom-designed Instant reset — veltage compensated 


palladium for 0.5 amp at 28 volts d-« 

or 115 volts a-c. Standard operating 

temperature, —55 to +100 C; shock io 
Development engineers can Curtiss-Wright “IR” thermal 50 g. Overall length, 1 13/32. in. 
now employ new concepts in time delay relays reset the in- Available in hermetically sealed en- 
existing and projected applica- stant that they are de-ener- closures. Comar Electric Co.. 3349 W. 
tions. These delay lines are gized. Variations from 22 to Addison St., Chicago 18, IIL. >561 
small in size, hermetically 32 volts will not affect the time 
sealed and vibration proof. delay specified. 


DIE-CAST LOW WING NUTS 


SPECIFICATIONS SPECIFICATIONS . . 
Nuts are used where low wing height 


Delay range... .5 to 6000 microseconds Time delay... .Preset 20 to 180 seconds 
Meets tolerances of. .+ 0.1 microsecond Contact arrangement SPST, SPDT, DPDT 
Signal tonoiseratio ..Greater than 10to1 Temperature comp...—65°C to +125°C ard wing nut might introduce a snag 
Input and output impedance . 50-2000 ohms Weight 42 ounces problem. Typical applications for zine- 
Carrier frequency.......100 kc — 1 mc Terminals Hooked solder type 
Delay to pulse rise time....Up to 800:1 Mounting Bracket or stud 


is needed or where projection of stand- 


alloy locking devices include portable 


, 


% 


WRITE FOR COMPLETE COMPONENTS CATALOG 159 


ELECTRONICS DIVISION 


CURTISS-WRIGHT Py J 


CORPORATION + WEST CALDWELL, N. J. 3 
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Auto-Lite gives you One-stop Service 
on all basic hook-up insulations 


PVC PVC —S PVC:~__ SILICONE TEFLON* 


(polyvinyl with nylon with glass taped or 
chloride) servings R U B B E R extruded 


or braids with or hook-up wire 
without braids ° 


*DuPont registered trademu 


Whatever your wire problem, 
you’ll find the answer at Auto-Lite COLORS +» MARKING 


y hed 1 . HIGH & LOW TEMPERATURES 
ou get unmatched service on any wire problem at the 

new Auto-Lite Wire Research Laboratory at Port smeemnennaditbannnnnpatthe 
Huron, Michigan. This ultra-modern facility is com- VIBRATION + OVERLOAD 
pletely equipped to perform all qualification tests of RESISTANCE TO CHEMICALS, 
wire for military specifications. These facilities are also SOLVENTS, OIL, FUELS, 
available to solve your problems quickly and efficiently. MIL SPECS: MIL-W-16878 


ANY QUESTIONS? Our new Wire Research Center TYPES B, C, D, E, EE, F, FF, N, 


will give you quick answers to your wire problems. Write MIL-W-76A, NAS-702, NAS-703 
for full information. 


AUTO-LITE General Products Group 
Wire & Cable Division, 
Toledo 1, Ohio 


Please send complete magnet wire catalog 
® 
a etal ccocaneeceeenai aa 
®) a ee 


GENERAL PRODUCTS GROUP Address 


WIRE AND CABLE DIVISION * TOLEDO 1, OHIO City and State 
Plants at: Hazleton, Pennsylvania ¢« Port Huron, Michigan 
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Ree ‘S' | tools, instruments or other devices. 
CT) REDUCE COSTS zn RLY Available in thread sizes from No. 5 
\ : 


[] SIMPLIFY ASSEMBLY through 3/8 in., and wing spreads of 
[] IMPROVE APPEARANCE with Wing Nuts | 13/16 through 1 7/8 in. Gries Re- 


producer rs - Beechwood Ave., 


DIE CAST ZINC ALLOY CD» cao nite New Rochelle, N. Y. >562 
© OIPED HTN Tyas y | SURFACE-TEMPERATURE 
INDICATOR 
Plastic label is calibrated to give an 
irreversible registration of tempera- 


ture. “Temp-Plate” is available from 
100 F through 700 F in choice of 50 


© Uniformly accurate * Wide range of 


now WASHER BASE e High in quality stock styles, types, 


Low in cost sizes and threads 


WING NUTS Produced in one high speed automatic 


operation, GRC's exclusive methods as- 
from GRC STOCK sure uniformity, smooth, rustproof & 
corrosion resistant surfaces and the lowest 
possible cost. New kinds of fasteners never 
before available .. . modifications in stock 
fasteners for specified use . . . infinite 
variety in styles, types and sizes, have been 
made possible by GRC's special automatic 
die casting and mo'ding machines : ‘ ; : ‘ 
increments with indication accuracy 
Integral wide-diameter washer base Write, wire, phone RIGHT of 1 per cent. Adhesive-backed label 


eluminates need for separate washer. : . . ‘ ' ite 
Cuts your cost, saves assembly time NOW for prices, your copy Hex Nuts registers permanent change from white 


2 eo oe By of GRC's DETAILED FAS- to black as stated temperature level 
~ o es, ing slots, so Z 
olds better because a Ce S&S is reached and adheres to mounting 


surfaces. Holds better because of 


U t 14 th . . : 
wre wre 5". GM—wedd's west Washers surface until intentionally removed. 


complete stock of standard and spe- World's Foremost | Netarta verheating or hot spots on 
cial wing nuts. Write today for new i Producer of | & I etect ove : S I 

Soanes  aeteep | Small Die Castings nozzles, tubing, valy es, radar panels 

; and other critical points. Pyrodyne. 

CRIES REPRODUCER CORP. insulators | Ine., Box 49972, Los Angeles 49, Cali- 


149 Beechwood Ave., New Rochelle, N.Y. @ NEw Rochelle 3-8600 fornia. > 563 
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DOUBLE 100 CFM BLOWER 


ENGINEERS. Double blower is powered by a 115- 


volt a-c, 60-cps motor. Output of Model 
You can develop NEW PRODUCTS B3-32 is 100 cfm (min) of free air 


for your company to make 
and sell using Durakool’s 
steel-bodied ‘’Nude’‘’ 
mercury tilt-switches 


Basic uninsulated switches now 
available to designers and manu- 
facturers of wiring harness assem- 


blies. 
Prices from 82 cents each. 


Capacities: 1 to 65 amperes: 6 to 

460 volts. per blower at 3300 rpm. Overall 

ideal for DC loads. length, 8 in. approx; OD, approx 5 in. 
Electro Products Div., Western Gear 

Sizes from .366" to .975" in di- Corp., 132 W. Colorado Blvd., Pasa- 


ameter; .600” to 3.44” in length. | dena. Calif. *564 
Write for bulletin D-49 and price sheet 1053 


HIGH-TEMPERATURE 
SERVO AMPLIFIERS 


WIT yi) Fully-potted amplifiers using silicon 


transistors throughout have outputs of 
eS | 3.5, 6 and 12 watts. The three ampli- 


fiers, consisting of push-pull output 


stage, driver stage and pre-amplifier, 
DURAKOOL, INC. tage eo tage anc So che 


operate over range from —55 to 
ELKHART , INDIANA C. Gain adjustment made by externally- 


1969 AVENUE RD.. TORONTO 12, ONTARIO mounted resistors. Characteristics in- 
30! FIFTH AVE SO., MINNEAPOLIS, [5, MINN 
4747 BRONX BLVD, NEW YORK'70, N. Y. | clude: frequency, 400 cps; power 
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rollers end-guided at pitch line (A) 


shaft-riding retainer (B) designed 
to permit lubricant circulation 


high capacity in small cross sec- 
tion (C) 


long pregreased life 
efficient at high speeds 
mounted by press fit 
simple housing design 


low unit cost 


NEEDLE * SPHERICAL ROLLER * TAPERED 
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Save up to 50% 


on armature bearing costs! 


Low unit cost of the new Torrington Drawn Cup Roller Bearing reduces 
armature bearing cost as much as 50%. This unique bearing gives excellent 
service at high speed and permits prelubrication for life. 

Test installations and service applications show the bearing performs effi- 
ciently at speeds up to 25,000 rpm in intermittent service of 1000 hours and 
more. In such service, initial lubricant lasts the life of the motor. Most 
applications require no seals. This, with the simplicity of housing design, 
contributes further to economy. 

Designers are invited to evaluate the Torrington Drawn Cup Roller 
Bearing for such applications as generators, power tools, electric mixers, 
vacuum cleaners and other appliance motors where considerations of cost, 
speed, efficiency and light weight are paramount. 

Services of Torrington’s engineering staff are offered to assist you in design 
developments of every type of electric motor. The Torrington Company 
Tortington, Conn.—and South Bend 21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


ROLLER °* CYLINDRICAL ROLLER * BALL * NEEDLE ROLLERS * THRUST 
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Better strip products 


from the start with 


7 
id 
7 


Flexograin phosphor bronze 


Uniform, fine-grain Riverside phos- 
phor bronze—Flexograin—is made 
even better through Riverside’s exclu- 
sive continuous-casting process. 


Riverside continuous casting elimi- 
nates porosity and assures a dense, 
homogeneous material that responds 
more readily to forming and develops 
uniformly high fatigue properties not 
attainable with ordinary phosphor 
bronze. 


And Flexograin, being of a naturally 
finer grain structure, maintains the 
ductility and smoothness of finish that 
are unattainable with ordinary phos- 
phor bronze strip. 


Send for free Technical Bulletin 
describing Flexograin and its advan- 
tages in your production. 

Write to Riverside-Alloy Metal Division, 
H.K.Porter Company, Inc., Riverside, N.J. 


RIVERSIDE -ALLOY p 


Good riddance to “Swiss Cheese” 
castings! Riverside continuous-cast, 
dense bronze offers time savings through 
faster fabrication in addition to improved 
product quality! 


METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment— 

DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; Copper and Alloys—RIVERSIDE-ALLOY METAL 

DIVISION; Refractories—REFRACTORIES DIVISION; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN- 

KIDD STEEL DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE 

ROPE DIVISION, MOULDINGS DIVISION; and in Canada, Refractories, “‘Disston” Tools, “Federal” Wires and Cables, 
“Nepcoduct’’ Systems—H. K. PORTER COMPANY (CANADA) LTD. 
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source, 28 volts d-c; voltage gain. 
1000 (1500 for 6-watt size). Bulova 
Watch Co., Inc... Electronics Division. 


Woodside, L.I., N. Y. >565 


MINIATURE SNAP-ACTION 
THERMOSTAT 


Sealed thermostat Model 90 is design- 
ed for high vibration and shock en- 
vironments. Normally preset up to 350 
KF with differential of 3 deg F or 
better. Setting tolerance +3 deg F 
Capacity, 40 watts 30 volts and 100 
watts 120 volts non-inductive and for 
dry circuits. Dimensions, 0.372 diam x 
15/16 in. brass capsule. Valverde Lab- 
oratories, 252 Lafayette St.. New York 


iz, BX. > 566 


MAGNETIC AMPLIFIER 
CONTROL 

Regulated magnetic amplifier control 
uses no tubes, transistors or moving 
controlled DPDT 
relay. Input resistance is 45 ohms. 


parts except tor 


MICRO CONTROLLER 


SERIAL 5S VOLTS 60> 


O 


CONTROLOMAG 
LABORATORIES 
BOX I6 OTTSVILLE 
PA 


Sensitivity, 15 pamp adjustable over 
0 to l-ma range; or 0.5 my adjustable 
over 0 to 0.05-volt range. Controlomag 
Labs. Box 16, Ottsville, Pa. > 567 


DOUBLE-CUP ROLLER 
BEARING 


Bearing is designed for applications 
where outer race or cup tends to 
creep or turn in housing. Hollow pin 
located in housing prevents cup from 
turning but does not restrict axial 
float. Lubricant may be introduced 
through pin direct to center of bear- 
ing. “Pin” type bearings are dimen- 
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MONOFLO | 


rotating cable conveyor 


~* NO RETURN 


Follows any path 
up, down and 
around. 


IN STOCK 
Shipped same day 
order is received 
and is ready to in- 


PRODUCTION 
WIRE STRIPPERS 


VERSATILE Meet More Needs — 
Automatic dis- Pear 
charge, accumula- 
tion, or transfer to 
another conveyor. 


LOW COST 


Solve More Problems 


Full size section thru 
MONOFLO CONVEYOR 


Hundreds of MONOFLOS working in 
Electronics, Metal Parts, Autos, Atomics, 
Missiles, Printed Circuits, Garments, 
Laundries, Glass, Food, Rubber, Plastics, 
Instruments. 


IDEAL Production Strippers are generally 
known as “the fastest on the market.”” What- 
ever your needs, even if you don’t consider 
them problems, an IDEAL Stripper will give 
you better work, faster and cheaper! Below 
is solid evidence — a condensed list of wire 
stripping needs that IDEAL Strippers are 
called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter .. . 
Any cotton, silk, synthetic (plastic) insula- 
tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 
. . . Plus most types of Film Insulated Wire 
(AWG #50 to AWG #0) as close as 
Vy" from the body of the winding or coil 
form. 


Far under price of 
any other power 
conveyor. 


INSTALLED 
he DAY 


By any mechanic 


with simple tools. 
STANDARD CORPORATION 


515 Communipaw Ave., Jersey City 4, N. J 


They deliver parts, return empty jigs, 
accumulate parts and carry parts thru 
heating, cooling, painting, baking, etch- 
ing, drying. 
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Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
We'll be glad to “prescribe” — see below, 


“ROTARY 5 ak TWIN CONE TYPE 


_- 


Quicker, cleaner stripping of 
all types of film insulation. 
Wire size AWG #50 to #25. 


ef 


name your shape! 


The fabrication of precision parts of industrial ce- 


For aepugers production 
stripping of most types of 
single conductors, solid or 
stranded wire up to a maxi- 


REPLACEMENT WHEELS: 
IDEAL offers top quality at 
less cost per pair than the 
average of other good quality 


ramics is a specialized job...and STAR specializes 
in it! There is practically no limit to the variety of 
shapes we can turn out to meet your simple or 
intricate specifications precisely .. . economically. 
Select, too, from a wide variety of ceramic composi- 
tions. Sample, blueprint or sketch, with 

details of operation will bring you 

complete information. Write today. 


" STAR 


porcelain company, 34 Muirhead Avenue, Trenton9,N.J. . | 


mum of 3/8” outside diameter. | wheels. 


FREE CONSULTING SERVICE 

— SEND US SAMPLES OF YOUR WIRE 

We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 


Sold through America’s Leading Distributors 
In Canada: Irving Smith, Ltd. Montreal 


IDEAL INDUSTRIES, Inc. 


1008-H Park Avenue, Sycamore, Illinois 
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with Chassis -Trak slides 
WEIGHT is no problem... 


The slides above are only .250” thin 
and weigh only 9 Ibs., yet they are 
supporting a man weighing over 200 
Ibs. This is a graphic illustration of 
rigid support at the full open position. 
And, Chassis-Trak slides give 
smooth slide action! They are pro- 
duced from cold rolled steel. The per- 
manent-dry, dust-repellent finish is a 
special 400° “baked on” epoxy phenol 
formulation that eliminates miainte- 
nance .. . the longer you use Chassis- 
Trak slides, the smoother they operate. 
A new design feature on Chassis- 
Trak slides increases the bearing area 
by almost 113% over previous models. 
This makes the slide even stronger, and 
is especially important on military or 
aircraft equipment, where extreme vi- 
bration or shock conditions exist. 
Chassis-Trak slides are available in 
nine lengths, designed to support from 
175 lbs. to 275 Ibs. . . . in either the 


“basic” model (pictured above), which 
tilts freely upward, or the “detent” 
model, which tilts and locks in seven 
different positions . . . and they are 
available from stock now! 

Before making a slide selection, in- 
vestigate the extra-strong, pencil thin 
slide that is built for standard racks and 
cabinets . . . Chassis-Trak. 


“Detent’”’ model, locked in one 
of seven different positions. 


eee eee 


For further information contact: 


525 South Webster, Indianapolis 19, Indiana 
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sionally interchangeable with conven- 
tional Timken bearings. 
Timken Roller Bearing Co., Canton 6. 
Ohio. >553 


double-cup 


MECHANICAL COUNTER 

Counter has operating speeds to 1350 
rpm, built-in stopping points, thumb 
wheel for manual setting, and can be 
supplied for use with servo-operated 


read-in and read-out. Devices have 2 


io 10 wheels of machined aluminum 
with engraved figures white on black 
or black on white. Digits are from 0 
to 9 with vernier gradations. Counters 


operate in both directions from zero, 


with movable shutter designating plus 
or minus, east or west, etc. Operating 
+160 F; 
starting torque, 0.5 oz-in. Series 2500 
is 3 3/8 x 1 7/8 x 2 in. deep. Chicago 
Dynamic Industries, Inc., 
Products Div.. 1725 Diversey Parkway. 


Chicago 14, III. >569 


temperature range, 65 to 


Precision 


MAGNETIC SERVO CLUTCH 


clutch models 
output torque of 80 oz-in. min at 24 
to 28 volts d-c and 
Breakaway 


Friction-face feature 


13.5-0z weight. 


torque is 0.15 oz-in. en- 
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A simple, low 


Reduce Danger of 


on circuits of 125 volts 


or less — use a 


UES UES 


Heretofore many small motors throughout 
all industry have been left unprotected. 


BUSS Fustats and FUSETRON Fuses, how- 


ever, have completely changed the picture. 


They offer a simple, low cost way to reduce to 
a minimum the danger of motor burnouts. 


A BUSS Fustat or Fusetron dual-element 
Fuse of proper size, mounted anywhere in 
the circuit to handle ONLY the motor current, 
will reduce danger of motor burnout to a 
minimum. Nothing else is needed. 


Fustats and Fusetron Fuses are listed as ap- 
proved by Underwriters’ Laboratories for both 
motor-running and short-circuit protection. 


Why let any motor burn out from such 
things as lack of oil, worn bearings, tight 


Turn an outlet or switch box into a MOTOR 
PROTECTIVE DEVICE with a FUSTAT 
MOUNTED ON A BOX COVER. 


Many combinations to choose from 


as 


Covers to fit standard outlet or switch boxes are equip- 
ped with a holder for a Fustat, and if desired a plug-in 
receptacle, switch, pilot light and the like. 

Just install the desired cover on ‘box, screw in proper 
size Fustat and Adapter. 

Units are made with Edison base fuse holder so any unit 
will take whatever size Adapter and Fustat is needed. Listed 
as approved by Underwriters’ Laboratories when Adapter 
has been inserted. 

Use them to reduce danger of burnout of motors on Home, 
Farm, Office, Factory appliances and equipment — from such 
things as lack of oil, worn bearings, tight belts, overloading, 
wrong or low voltage. 

Units with switch for AC motors only — % hp. and smaller. 

Units without switch for any motor 34 hp. and smaller. 


Anyone who can install a switch or receptacle 
can now give a motor safe dependable protection 
by installing a Fustat mounted on a box cover. 
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cost way fo 


Motor Burnouts 


n any circuit up to 
600 volts — use a 


FUSETRON FUSE 


belts, overloading, wrong or low voltage — 
when it takes only a BUSS Fustat or Fusetron 
Fuse to protect it. 


Look how simple it is to protect a motor 


Where circuit feeds only one motor. 


Install proper size Fustat or Fusetron 
dual-element fuse in panel or switch. 


Where circuit feeds two or more motors. 


Install Fustat or Fusetron dual-element fuse in switch 
or fuse block to protect each individual motor. 


On portable tools or devices in- 
stall Fusetron fuse in attachment 
plug or connector — or in a fuse 


block attached to 
the device. 


When each motor is individually 
protected a short in a cord or motor 
shuts down only one motor instead of 
all motors or devices on the circuit. 


| Bussmann Mfs. Division, McGraw-Edison Co. EM 859 
University at Jefferson, St. Louis 7, Mo. 


Please send me complete information on protecting motors with 
BUSS Fustats and Fusetron dual-element Fuses. 


Nome 
Title 
Company 
Address 


City & Zone 
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SP-DT. spring re 
amps @ 125v a 
ems Inspected 


Get This GUIDE T0 MODERN SWITCHING )| 


Ask for 8-page Switch Bulletin RC-11D 


World's largest slide switch line—over 12 low cost 


standard types—dozens of economical adapta- 
tions. NEW colored knobs. Special conventional and 
miniaturized switches designed and produced for 


large quontity users. Electronic Components Division, 
STACKPOLE CARBON COMPANY, St. Marys, Pa 
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| ergized and 0.05 oz-in. de-energized. 
| Type C-18 magnetic clutch meets vi- 
| bration, fungus, shock, humidity, tem- 


perature, salt spray, sand and dust 
requirements of MIL-E-5272B. General 
specifications include 0 backlash and 


| 0- to 0.0003-in. max. end play. With 
| maximum recommended speed of 5000 


rpm, engagement time is 4 millisec. 
Power consumption, 3.5 watts. Guid- 
ance Controls Corp.. 110 Duffy Ave.. 
Hicksville. N.Y. >570 


| SUBMINIATURE TEN-TURN 


POTENTIOMETER 


Potentiometers, 1/2 x 1 in. in size, 
incorporate V guides and spring-loaded 
rods that eliminate backlash. Series 


341 uses double wipers, one on either 


| side of resistance element. Resistance 
| values. 1 k to 200 k. Daystrom Pacific, 


Potentiometer Div., 9320 Lincoln Blvd.. 


| Los Angeles 15. Calif. >571 


FERRITE FOR MOTORS 
AND INVERTERS 


kerramic S-6 may be used with other 


| solid-state devices in higher frequency 


motors and other electronic gear due 


to very low coercive force of 0.2 


| versted. Ferrite allows low loss power 
| inversion at frequencies from 400 cps 
| to 25 ke with resultant weight reduc- 
| tion over 60 eps equipment. Available 


in toroids from 0.25 to 2.4-in. OD or 
in special shapes. General Ceramics 


Corp.. Keashey. N. J. >572 


| EXPANDED-SCALE 
| VOLTMETER 


Voltmeter features indication of true 
rms voltage in presence of harmonic 
content in power supply, maintaining 
0.1 per cent accuracy with up to 5 
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FOR OUTSTANDING 


ENGINEERING 


FOR ECONOMICAL 


“et 


PRODUCTION § get substantial size 


SPECIALISTS IN ALUMINUM PERMANENT MOLD 
AND SAND CASTINGS 


e Good design combined with well 
cast, economically produced aluminum 
permanent mold castings are the keys to 
volume sales and bigger profits in the 
electrical manufacturing field. . . . And 
our job here at Aluminum Permanent 
Mold is working with designers, engi- 
neers and buyers to produce castings to 
their specifications at the lowest cost 
consistent with top quality. 

Write for illustrated brochure. 


DESIGN ENGINEERS 
Get the facts on new so- 
lutions to your design 


castings problems. P.M. Electric 
Hoist Housing 


P.M. Automatic , ‘ : 
Phonograph Base rupting devices can usually 


reduction and built-in 
arc quenching with 


U.S. Patent No. 2,768,264 


MOLDINGS 


y 


ol in costs and design flexibil- 
rane. 


ity—with ROSITE moldings! 


~~ | f- Size reductions that pay off 


The size of current inter- 


be reduced with assistance 


FINE CASTINGS, OF ANY SIZE, TO YOUR SPECIFICATIONS. in arc-quenching provided 


ALUMINUM Permanent Mold Company scnphnais: entaeabion 


1054 FRONT AVENUE, N. W. ; GRAND RAPIDS, MICHIGAN 
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,OSITE permits working 
close to arcs without fear 
of tracking and makes for 


CIRCUIT b i mews commer aia 
BREAKER " pact designs. 


©) €. ARC CHUTES Find out today about these 
ROSITE advantages. Send 
‘ your drawings, let us study 
x your problem and quote. 
. * CHECK 
A 9 THESE FEATURES 


PHOENIX 


FOR 
23 YEARS 
THE STANDARD OF 
THE MOTOR 
INDUSTRY 


® &$ 6 


@ Hot or cold molded 
@ Non-tracking 

@ Arc quenching 

@ Dimensionally stable 
@ Heat resistant 


CONTACTOR e@ Economical 
HOOD 


ROSir_g | 


Maine . 


BULLETIN Se ‘Se 


renal 
‘ Details on hot or cold molded 


ROSITE. Over 50 moldings illus. 


Phoenix offers a complete line of brushholders trated. Pictures of our molding facil. 


and caps for all types of motors and generators 


ities. Get your copy today. 


plus a competent engineering department to ve 
help you with your brushholder requirements. 


Write for catalog 57 H 
or 
Send prints for quotation 


ROSTONE 
CORPORATION 


Engineers and Custom Molders 


PHOENIX ELECTRIC MANUFACTURING CO. nee 
3625 N. Halsted St. Chicago 13, Illinois ee ee ee) 
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Whatever Your Field 
Check DE-STA-CO 


for Stampings with the Plus 


ELECTRICAL HEATING—COOLING 
ELECTRONIC : 
PHOTOGRAPHIC 


HARDWARE 
AUTOMOTIVE 
AIRC 


DE-STA-CO—stampings since 
1915—today THE name in 
toggie clamps 


De-Sta-Co has been recognized for over 
25 yeors for its leadership in the field of 
production clamping devices. Today, our 
engineers ore creating improved and special 
toggle clamps to meet your specialized 
production problems in every field. Over 130 
models, types and sizes, stocking distributors 
everywhere. Send for catalog. 


Our range of stamping production has made De-Sta-Co known as 
an important source from coast to coast. We're regular suppliers 
to the most widely diverse industries—electrical, electronic, 
photographic—refrigeration, heating and ventilating—hardware, 
automotive, aircraft. All of these require top quality—and we take 
off our hats to none—but in addition to quality they want De-Sta- 
Co’s other pluses: service, integrity, modern equipment, second 
operation facilities, ample inventories of all common and many 
unusual materials. Our know-how is as extensive as you'll find 
in the business and the big pluses we give you gratis! 

Next time, check with De-Sta-Co for stampings, prices and 
PLUSES! Prints, samples or detailed letter will get you fast 
results. Qualified representatives from coast to coast. Write for 
the name of the De-Sta-Co man in your area. 


De-Sta-Co is widely known for toggle clamps, stamp- 
ings, precision washers, spacers, shims, shim and 
feeler stock, blower housings and marine specialties. 


ORIGINATORS OF DETROIT STAMPING COMPANY ie | 


PRODUCTION _ 298 MIDLAND AVENUE e DETROIT 3, MICHIGAN 


ay 


per cent harmonic content. Single-unit 
3%-in. panel meter uses a 250-deg 
scale. American Machine & Foundry 
Co., 261 Madison Ave., New York 16, 
X.. >573 


LOCK NUT 


Hex- and flange-type steel lock nuts 
require more break-loose torque than 
seating torque at normal bolt loads. 


One-piece, free-spinning nut sizes are 
No. 6 through 3/8 in. with coarse and 
fine threads available. MacLean-Fogg 
Lock Nut Co., 5535 No. Wolcott Ave., 
Chicago 40, II. >574 


RIBBON CABLE 


Multi-conductor cables in flat config- 
urations are quite flexible in one plane. 
making them suitable for drawer pull- 
out type printed-circuit assemblies. 


Teflon, nylon, Fiberglas, Dacron, cot- 
ton or other textile fibers form warp 
and woof. Metallic woofs such as silver- 
plated copper, tinned copper and stain- 
less steel available. Primary wire in- 
sulation either Teflon or PVC. Individ- 
ual wires need not be same gage or 
type. Tensolite Insulated Wire Co., 
Inc.. West Main Street, Tarrytown, 


Ps hs *575 


VARIABLE-SPEED DRIVE 


Series of drives covers the 1/50 to 
1/3 hp range. Electrical drive Series 
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Announcing... 
Ozalid’s new 30-inch 


TREAMLIN 


Now you can have a compact table-top whiteprinter with “big 
machine”’ features at a slim-budget price. And you can enjoy the 
convenience of on-the-spot printmaking round the clock. Make 
all the prints you need, inexpensively and without delay. There’s 
no make-ready or cleanup... anyone can learn to use the 100 
in minutes. Check these important features: 


¢ Makes prints up to 30” wide by any length 
Front and rear print stacking 
Simple dry-developing system 
Easy turn-on, turn-off controls 
Smooth-running electronic drive with speeds up to 14 fpm 
Hook-on tracing receiving tray (optional at extra cost) 


Ozalid, Dept. K-8, Johnson City, N.Y. 


Please send me free descriptive bro- 
chure on the new Streamliner 100. 


And the versatile Streamliner 100 handles the whole range of 
Ozalid sensitized materials . . . lets you turn out gum-backed 
labels, photographs, cloth maps, or color transparencies! Company 


Name 


For complete details on the new Streamliner 100, mail coupon today ! Position 


OZALID |=——— 


Division of General Aniline & Film Corporation 
In Canada: Hughes-Owens Co., Ltd., Montreal 
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Varian | 


STRIP 
CHART 


Recorders 


SC-31 uses no tubes, has speed ranges 
with stepless adjustment from zero to 
break- 


Typical 


full speed, and utilizes circuit 


ers for armature protection. 


applications are in process machinery, 


metal-working machines, office ma- 


| chines and materials-handling devices. 


475 


Fifth 
>576 


Applied Technology 


Ave.. New York 17. 


Corp.., 
Me es 


TWO-BOLT FLANGE 


| BEARING 


| Self-aligning 


| self-lubricating sintered 


bearing, equipped wit! 


bronze bush- 


| ing. is available for shaft sizes of Vy 


Unique combination of 
performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galva- 
nometer recorders... and Varian’s null- 
balance potentiometer needs no power 
from the source being measured. Rugged, 
stable mechanism allows ink or inkless 
recording—easy-to-read rectilinear chart— 
source impedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 
19-inch rack. Two Varian G-11A’s mount 
side by side on a rack panel 10% inches 
high. Or as a portable, the G-11A is an 
easy-to-handle 15 pounds. The G-10 sits 
on less than one square foot; its horizon- 
tal chart is handy for jotting notes. 


MORE VERSATILE AND ADAPTABLE than 
any similar recorder — adjustable zero, 
adjustable span (from 9 to 100 mv on the 
G-11A), multiple chart speeds (up to four 
an the G-11A), and plug-in input chassis 
for different recording requirements. 


PRICES THAT BEGIN AT $365 for the G-10 
and $470 for the G-11A. Because un- 
needed performance costs money, Varian 
has intentionally designed for 1% limit 
of error and 1-second balancing time. 
Thus, Varian provides needed rugged- 
ness, dependability and operating fea- 
tures at moderate cost. 


FOR COMPLETE SPECS. AND STANDARD 
OPTIONS, WRITE INSTRUMENT DIVISION. 


@ A VARIAN associates 


ALO ALTO 23 CALIFORNIA 


structures 


“6. %,, and ‘16 in. Housing is 20-gage 


steel with cadmium plating. Bearing 


up of ball 
and static-conducting rubber 


cartridge made assembly 
isolating 
liner. Randall Graphite Bearings, Ine.. 


Ohio. >577 


Lima, 


SPRING USES LIQUID 
COMPRESSIBILITY 


Short-stroke high-force spring provides 


a preload from 500 to 5000 Ib. Liquid 
Spring Model 1028 also serves as shock | 


absorber to relieve excessive loads on 
tore wd 


0.0001-in 
ot 6000 


tools. Spring 


lb 


damping 


or 
200 
plus 


creases with each 


stroke 


forces 


lb max energy absorption of 1500 in.- 


Ib. 
Tay lor 


No. 


long 
ot., 


>578 


in. 


Main 


188 


Size, 114 diam, 
Devices, Inc.. 


Tonawanda, N. Y. 


(Continued on page 284) 


in- | 


| AMIN AT ED 


CONTACT 
CITE 





All Contact 
Materials 
are Specials! 


When you need top quality and fast 
service, specify Leach & Garner. All mill 
shapes and types available, including 
toplay, thrulay, inlay, overlay, edge- 
lay, wire and tubing with alloys of 
Gold, Silver, Platinum and Palladium 
Also available are silver and gold 
solders, silver and laminated wave- 
guide tubing, precision rerolling and 
redrawing of non-ferrous metals 
Engineering assistance available. 
Quotations rendered promptly 
We build our business 
on prompt deliveries at 
competitive prices 


| 





MNDUSTRIAL DIVISION 
ATTLEBORO, MASS. 


gt 


SALES OFFICES 


NEW YORK ® CHICAGO ® LOS ANGELES 
CLEVELAND ® DAYTON ® DETROIT 


Hest 


FOUNDED 
oh] 


For prompt quotations write to: 
Leach & Garner 
50 Pearl Street 
Attleboro, Massachusetts 
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Now...all sizes and shapes 
of SX Magnet Wire 
for every “hot spot’’ application 


Rounds, squares and rectangulars also available 
with single and double glass coverings 


VERSATILE GENERAL PURPOSE APPLICATION 
Thermalex-F is not a special wire but 
has properties required for a general 
purpose application and can be used 
through the 105°C-155°C temperature 
range...Class A applications as wellas 
Class F... eliminating the need for buy- 
ing more than one type of magnet wire. 


AUGUST 1959 





TEMPERATURE 


OUTSTANDING THERMAL STABILITY 
A.|.E.E. #57 “Procedure for Evaluation 
of the Thermal Stability of Enameled 
Wire" which is an accepted test, indi- 
cates a 30,000 hours life at 170°C for 
unvarnished specimens. 


Thermalex-F, a Class F (155°C) magnet wire insu- 
lation developed by Essex, is now available in round 
wire from 11 to 50 AWG size and all Formvar 
sizes of square and rectangular. This full size range 
gives every manufacturer the versatility he needs 
in one insulation type for his exact application! 


ONO 


THE WIRE DESIGNED WITH THE FUTURE IN MIND 
“ 


Magnet Wire Division 
ESSEX WIRE CORPORATION 
Fort Wayne, Indiana 


Manvfacturing Plants: Birmingham, Ala.; Anaheim, Cal.; 
Fort Wayne, Ind.; Hillsdale, Mich. 


National network of Warehouses and Sales Offices 
«++ Call your local “Essex Man.” 


Circle 290 on page 17 





Mh): 


BAN Cisco 
timing motors 


PROVED. 


- | ; 
RP) ) eee Slee 


UL AND CSA APPROVED 


PROBLEM: 


Jamming of gears at low temperature 
operation 


AREA OF APPLICATION: 


Oil field telemetering instruments 


IN-PLANT TESTING , 
Shown is a test rack, where 
some of the more than 50 tests 
are given to every Hansen SYN- 
CHRON motor before shipment 


to customers. 


The Foxboro Company, a leading manufacturer of telemetering in- 


struments, experienced continuous difficulties with synchronous mo- 
tors operating metering and transmission equipment. Many such 


installations were 


in the field where extreme climatic conditions 


made reliability of the timing motors a prime requisite. 


TESTING: 


Over a 6-year period various timing motors, in- 
cluding Hansen SYNCHRON motors, were sub- 
jected to constant testing for dependability of 
operation. Tests included: continuous operation 

as long as one and one-half years; gear 
noise check . . . initially, and after extended run- 
ning; sy nchronous torque tests . . motors had 
to deliver 0.9 in.-oz. of torque at 30 rpm; a 
1500-volt shock to check breakdown rating be- 
tween leads and cases to meet UL and CSA 
approval; starting ability . . . motors were packed 
in dry ice (—40°F) for one hour, then had to 
start within five minutes; three hours continuous 
running in dry ice again at —40°F; five 
hours uninterrupted operation in an oven at 
140°F 


If you must have performance in a synchronous 
motor . . . investigate Hansen SYNCHRON mo- 
tors. Over 200 different types of output available. 
Hansen engineers will work with you to find a 
satisfactory solution to special application or de- 
sign problems. For further information or as- 
sistance, contact the nearest Hansen representative 
or write direct to: 


RESULT: 


Only Hansen SYNCHRON 
timing motors met all the 
exacting requirements! 
Hansen SYNCHRON timing 
motors were incorporated in 
all telemetering instruments 
produced, and singled out to 
replace motors on all applica- 
ble equipment now in use in 
the field. Foxboro is also re- 
viewing over-all operations — 
to use Hansen SYNCHRON 
motors where possible on 
other instruments and con- 
trols. 


HANSEN 


MANUFACTURING 
COMPANY, INC. 
PRINCETON, INDIANA 


SILICON RECTIFIERS 


JAN-approved, axial-lead silicon rec- 


tifier Types 1N538, 1N540 and 1N547 


maximum ratings are 200, 400 and 
600 volts, respectively, at 250 ma, 150 
C ambient. Transitron Electronic 
Corp., Wakefield, Mass. >» 579 


MINIATURE LINEAR 
ACTUATOR 


Actuator incorporates slip clutch for 
elimination of limit A vail- 
strokes. 
400 Ib. 


switches. 
speeds and 
Actuator will handle loads to 


able in various 


One-pound envelope is 1] 
5 3/4 in. 
available and position indicators, syn- 
shaft take-off may be 
added in various positions. Adjustable 
slip clutch absorbs motor rotor inertia 
unit 


s/o x 3 


Choice of motor positions 


chros or flex 


when contacts its torsional stops 
at extend and retract positions. Lear, 
Inc., Box 688, Grand Rapids 2. 


Michigan. > 580 


PLASTICS FAN 


Four-bladed propeller fan is made of 
acrylonitrile copolymer plastic for air- 
moving devices such as portable ap- 
pliances and electronic cabinet cooling 
units, Series Gl 
rpm. Fan 


Four-inch-diam fan 
operates to 11.000 
blue. Rotation, 


color is 


clockwise. For unit 


HANSEN REPRESENTATIVES: The Fromm Co., 5150 W. Madison St., Chicago, Ill.; Winslow 
Electric Co., New York, N.Y., Chester, Conn., Philadelphia, Pa., Cleveland, Ohio; Electric Motor 
Engineering, Inc., Los Angeles ( WEbster 3-7591) and Oakland, Calif.; H. C. Johnson Agencies, Inc., 
Rochester, Buffalo, Syracuse, Binghamton, and Schenectady, N.Y. 
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Key step in the manufacture of milk cartons on Pure-Pak 
carton-forming machines is the heat-sealing of the bottom 
flaps. For eight years this manufacturer has used Fenwal 
Series 17000 THERMOSWITCH units for temperature control of 
this vital operation. Result: eight years of precise troublefree 
control. That’s time-tested performance! 

It’s typical of the hundreds of successful installations of 
immersion and surface-mounted THERMOSWITCH units... in 
tanks, vats, air ducts .. . for widely varying space and posi- 
tion requirements . . . under the severest conditions of shock, 
vibration, and corrosion. They’re standard units with truly 
special capabilities! 

Yet for all their ruggedness, THERMOSWITCH units are sen- 
sitive to temperature changes of only a fraction of a degree. 
Heat sensitive outer shell responds instantly and accurately. 


9 No thermal lag . . . no control error! 
he leat ~ On Use these versatile units for control applications from 


—100 to +1100°F. They’re completely adjustable with cur- 
precisely under rent ratings up to 1OA-1L1L5VAC. 


For complete details, write Fenwal Incorporated, 68 


the dependable control Pleasant Street, Ashland, Mass. 
of Fenwal Standard Thermoswitch® Units 


Compact, totally-enclosed Fenwal THERMOSWITCH units pro- 
vide positive, service-free control of heat-sealing operation 
on this Pure-Pak carton-forming machine. 


CONTROLS TEMPERATURE... PRECISELY 
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bearing mount. Air Impeller Div., Tor- 
rington Manufacturing Co., Torring- 
ton, Conn. > 581 


PHASE-SEQUENCE 
INDICATOR 


Device to monitor phase sequence of 


TOLERANCE 3-phase power supply is qualified per 
MIL-E-5272A. Incorrect phase _ se- 
PERFORMANCE 





quence or disconnected lead will not 
allow neon lamp to illuminate. Re- 
sistance-capacitance, —phase-sequence- 
sensing network drives lamp. Potted 
A-B-C sequence indicator available for 
various voltages and frequencies. Mas- 
ter Specialties Co., 956 E. 108th St.. 
Los Angeles 59, Calif. > 582 


PRECISION POTENTIOMETER 


Single-turn precision wirewound po- 
tentiometer features diallyl phthalate 
housing. Model 12 specifications in- 
clude: platinum alloy wiper, coin- 


WITHOUT SIGNAL AMPLIFICATION 
VHS* MEASURING RELAYS 
SENSE AND SWITCH ON SMALL INPUT 


*Very High Sensitivity with exceptional reliability are inherent 
characteristics of the A.P.I. measuring relay. It will actuate on 
inputs as small as 0.2 microampere or 0.1 DC millivolt to give . 
you discrete switching action at the precise current or voltage silver clip ring, 1.4-in. diam, flat or 
value you specify. servo mounting. Power rating is 1.5 
om : ; atts at 25 C, resistance values fr 

The VHS measuring relay has the ability to differentiate be- ae fed a eek ie oar . 

a « « . ql”? **wac « ” acic sate & on °° ee 
tween “normal and abnormal”, “yes and no” on the basis of very ity to 0.05 per cent. Other sizes and 
minute electrical variations. In typical cases, it monitors 450 types available. Handley Corp., 14758 
volts to +5%; in another, 14 microamps to +1 microamp. Keswick, Van Nuys, Calif. > 583 

2xceptional reliability < >peatability are achieved by the 

Exceptic nal reliat ility ind repeatability are achieved by t LINEAR ACTUATOR 
unique A.P.I. locking-coil design. At the point of contact, torque 
of the D’Arsonval movement is supplemented by the torque of 
the locking coil. Decisive switching action occurs with firm con- 
tact pressure. Contact resistance is low. 


Motors require 90 va per lb of force 
(irrespective of stroke length) and 





VHS measuring relays are available with high- and low-limit 
contacts, or either alone. Special models are available for exces- 
sive shock and vibration conditions. 


Send today for Bulletin 104-D. 


ey: ASSEMBLY PRODUCTS, INC. 


Chesterland 14, Ohio 


S.A, 1678 
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wherever 

the power supply 
must be 
grounded... 


it’s grounded best with Circle F’s 

SNAP-IN U-GROUND CONVENIENCE OUTLET— 

listed both by UL and CSA. Specified for use on 
ranges, “power blocks,” and many other applications, 
it has an all-bakelite body, double wiping contacts, 

a 15 Amp.-125 Volt rating and is available 

in grey, brown, black, and white. When you 

specify Circle F, you get precision-engineered devices 
of “custom-made” grade. Circle F’s fast, 
quality-controlled manufacture takes less time 

and guarantees lowest cost! 


CONVENIENCE OUTLET 
NO. M438 


CIRCLE F 


APPLIANCE SWITCH 
NO. 2230 


CONVENIENCE OUTLET 
NO. 340 


choice of 

screw terminals 
male tabs 

wire leads 
absolute ground 


SNAP-IN 


CONVENIENCE 
OUTLET 


we 


keep your costs on 
the ground by 
specifying Circle F’s 
quality-controlled 
snap-in devices. 

a model for every use. 


ay 


MALE LOAD PLUG 
NO. 344 


PILOT LIGHT 
NO. 490 


_ MFG. CO. 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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TI Needs More Roy Neely's 8s EE sen 0 
MANUFACTURING ENGINEERS 


Men like Roy Neely are needed for planning and coordinating 
the design engineering and manufacturing of electro- 
mechanical apparatus — engineers who have 3 to 10 years 
experience with manufacturing processes, tooling, scheduling 
and costs. Such experience can be used immediately. Your 
resume will get prompt attention by John R. Pinkston. 


Scipegeinntbebamton aa § Texas Jé5\ INSTRUMENTS 
PLACEMENT =, a ME: INCORPORATED 


4 6000 LEMMON AVENUE 
DALLAS 8. TEXAS 


Hundreds of standard 


JONES 


Se 


Complete equipment for 


SPECIALS 


Several pages of Jones Catalog No. 22 
illustrate standard and special panels 
we are constantly producing. Latest spe- 


Send your cial equipment enables us promptly to 
‘ » produce practically any panel required 
specifications Send print or description for prices, with- 
out obligation. Hundreds of standard ter- 
for prompt 
quotation 


minal strips also listed. Send for Catalog, 
with engineering drawings and data 


JONES MEANS 
Proven QUALITY 


See us at the WESCON 
SHOW, Booths 3310-3312 


HowaRD B. Jones DIVISION 


CINCH MANUFACTURING COMPANY 
HICAGO 24, I1LLIN ip. 


DIVISION OF UNITED-CARR FASTENER CORP 
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can be used for either pushing. pulling 
or both. Four-stator Omega Model AX- 
626 (illustrated) has rigid moving 
element which is square for 4-stator 
and hollow for 2-stator models. Power 
factor, 52) per cent approx. Force- 
velocity curve approximately flat, force 
1ising moderately at zero speed and 
suddenly dropping to zero near syn 
chronism. ‘Trombetta Solenoid Corp.. 
329° No. Milwaukee St... Milwaukee. 
Wis. > 584 


MINIATURIZED 
VANEAXIAL BLOWER 


Two-inch blower. for applications 
which require relatively large quan- 


tities of air at high back pressures, 


can be designed for automatic increase 
in motor speed as air density decreases. 
Vaneaxial blowers come in 400° eps 
models for 1 to 3 phases and 28 volts 
d-c. IMC Magnetics Corp... 570 Main 
St.. Westbury. N.Y. > 585 


CHAIN-FORM TERMINALS 


Line of miniature tubular terminals, 
receptacles, connectors and Wrap-A- 
Wire terminals is available in’ chain 


form for application with automatic 
insertion machines. Malco Manufactur- 
ing Co.. 4025 W. Lake St.. Chicago 24. 
Hl. ~>586 
See Laboratory and Engineering 
Equipment on page 292. 
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TORS 


DESIGN ED 


a’ (ae oe at 
MACHIN EE 


INTEGRAL H.P. MOTOR 
TOTALLY ENCLOSED 
FAN COOLED 


DIRECT CURRENT FRACTIONAL H.P. MOTOR 
MOTOR TOTALLY ENCLOSED 
FAN COOLED 


@ FREE NEW BOOKLET-—"THE UNDERCOVER STORY 
What To Look For Under the Frame In Motors For Machine Tools". 12 pages filled with 
information which can help you improve your products! Gives details of motor selec- 
tion and application and tells of the unique Marathon engineering features that guar- 
antee dependable operation and long motor life. Write today for your free copy! 


SINCE 1913 
Motors from 1 20H.P. thru 3500 H.P Generators from 1 2 KW thru 2500 KW 


MARATHON Q/) ELECTRIC 


Home Office and Factory, Wausau, Wis. Factories at Erie, Pa. and Earivilie, til, 
Saies Offices in Principal Cities 
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It takes Tough Testing to 


build Timing Performance 


When you buy a Haydon Timing Motor or Timing 
Device, you buy high quality and superior performance, 
because every production model and every new design 
has proved itself by passing the toughest, most exhaus- 
tive series of tests that our engineers can devise. 
Quality control at Haydon starts with a careful inspec- 


tion of all in-coming materials. It continues throughout 
production — with all parts and assemblies gaged, in 


spected or physically tested after every operation that 
can affect the performance of the finished motor or 
device. Final step is an inspection of completed motors 
and timing devices. All units are performance tested 
for many hours under varying conditions and are check- 
ed for quiet operation. Percentage samples of each lot 
are checked for torque rating, timing accuracy, and ac- 
curacy and alignment of gears and shafts. In addition, 
all new designs and periodic samplings from production 
are subjected to special “life endurance” tests in which 
hundreds of units are run continuously under various 
load conditions. In some instances, units have now been 
running ceaselessly for more than 10 years. . . proving 
their ability to perform millions of cycles without failure! 
When you submit your timing problems to Haydon, you 
can be certain that our teams of engineers and other 
Timing Specialists have the experience, knowledge and 

supply devices designed, produced and 
tested to meet your needs exactly and perform accord- 


facilities to 


ing to your specifications. 
For further information, write now, outlining your 


timing requirements. 
DIVISION OF 
GENERAL TIME CORPORATION 


Haydon 
2533 EAST ELM STREET 


AT TORRINGTON 


TORRINGTON, CONNECTICUT 


TIME DELAY 
TIMER 


Provides time delay in ranges 
up to 9.5 minutes. Ideal for 
such applications as the 
protection of power tubes 
and/or operating preset 
operating cycles. Available in 
120 or 240 volt, 50 or 60 


cycle current. 


400 CYCLE 
MOTOR 


These split phase motors 
provide the military an 
accurate approach to timing 


control for military ; 
applications. Rotor speed is 


3,000 RPM at 400 cycles, 115 
volt normal. Two models are 
available — Heavy Duty with 
18 gram millimeters torque at 
the rotor, and the Miniature 
with 5 gram millimeters at 
the rotor. These motors may 
be applied to Haydon gear 


trains if desired. 


CYCLE TIMER 


These units repeat a set cycle 
or sequence of operations as 
long as the motor is energized. 
Available in a wide choice of 
speeds, a broad range of 
timing intervals, and with a 
wide range of enclosed single 


pole, double throw switches 
for 120 and 240 volt operation, 


for 50 and 60 cycles. 
ELECTRICAL MANUFACTURING 


lieadquarters for Timing 
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Sea ae 


RULES 


Contacts in BRALOY* 

(Silver-Cadmium Oxide) 
Resistance to sticking under S h current and —_ 
inductive circuit conditions. ective arc quenc 
ing properties. Can be ia in the form of con- 
tact rivets, welding type contacts, etc. Whether you 
are seeking advice on new applications, redesign, or 
wish your own designs executed, send us your re- 


quirements, and they will receive our most ful UL \ 
attention. ” , on ree Jie INLAID METALS \, 


: ‘ PRECIOUS METAL 
CONTACTS in Silver, Gold, Platinum, 
Palladium and their alloys x a 
for your specific design problems seattle 
*Reg. \. MANUFACTURERS 


Pn ——/ 


C.S.BRAININ CO. 


318 Washington St., Mount Vernon, N. Y. 
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synchronous 
motors . 


FOR INDUSTRIAL 
AND LABORATORY 


MODEL 50 APPLICATIONS 


% DIE CAST HOUSING 
% HIGH TORQUE 
& BRONZE BEARINGS 


% FOR 24, 115, 230, 440 AND 
550 V. OPERATION 


% OUTPUT SPEED 1800 TO 
1/6th RPM 


Available in five models, these motors are designed 
primarily for industrial applications requiring motor 
sizes between “clock” and fractional horsepower 
types. Motor sizes approx. ol — xX 114,” x 21,” 


Write for complete descriptive Bulletin No. 1055. 
Address Dept. EM 859. 


HAGEN “MANUFACTURING COMPANY 


Baraboo, Wisconsin 
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I get 
shortest 


etching 


time 


with 
HUNT 
ETCHANTS 


rs 


ef 


v1 


HUNT R.C.E. for PRINTED CIRCUIT BOARDS 


(Rapid Circuit Etch) 

Hunt R. C. E. is a proprietary etchant, formulated to etch 

printed circuits fast and to speed up production. It offers 

these 6 big advantages: 

@ 15% increase in etching 
speed 

@ Fast action over entire 
circuit 

® Uniformly smooth 
etching @ Freedom from fumes 


HUNT S.C.E. for SOLDER-PLATED CIRCUIT BOARDS 


(Solder Circuit Etch) 
This ready-prepared product is designed to etch solder-plated 
circuit boards more easily, more effectively than it has ever 
been done before. You’ll find that Hunt S. C. E. 

e@ Etches rapidly at room temperatures 

@ Has a high capacity for copper 

@ Never attacks the circuit 

@ Has guaranteed uniformity, and is of the highest 

quality because of rigid laboratory control 


e Easily removed by 
washing 

@ Substantial increase in 
capacity 


Hunt S. C. E. is essentially an oxidizing solution with the 
capac ity to keep the oxidized copper permanently in solution. 
Although many acids will etch copper, S. C. E. solution has 
the peculiar property of not attacking the solder .. . but giving 
fast, odorless etching of the copper. 


WRITE TO NEAREST HUNT BRANCH FOR: 


TECHNICAL BULLETIN NO. 1—‘‘The Etching of Copper by Hunt 
R. C. E. Solution.” 


TECHNICAL BULLETIN NO. 3— “The Etching of Solder Plate Cir- 
cuit Boards by Hunt S. C. E. Solution” 
FOR SUPERIOR RESULTS AROUND THE CLOCK USE HUNT GRAPHIC ARTS CHEMICALS 


PHILIP A. HUNT 
COMPANY 
PALISADES PARK, N. J. 


BRANCHES IN PRINCIPAL CITIES 


In Canada: Philip A. Hunt Company (Canada) Ltd. 
77 Leslie Street, Toronto 


URING 
«oct Cy 
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Laboratory 


and 


Engineering 
Equipment 


POCKET-SIZE VOM 


Instrument lies flat in normal use posi- 
tion and has inclined 5-in. meter. Sen- 
20 k ohms per volt d-c; 1000 
A-C volts: 0 to 1200 


sitivity: 
ohms per volt a-c. 


in 6 ranges. D-C volts: 0 to 1200 in 6 
ranges. Resistance: 0 to LOO megohm- 
in 4 ranges. Current: 50 pamp:; 1, 10 
100. 1000 ma: 10 amp. Db range:—18 
to 57 in 5 ranges. Hickok Electrical 
Instrument Co., 10541) Dupont Ave.. 


( leveland 8. Ohio >587 


VARIABLE CONSTANT- 
TEMPERATURE BATH 


Bath for testing. conditioning diode~ 
and other electric components covers 
temperature range from 0 to 125 C 
with control within 0.05 C. Construc 


tion, stainless steel throughout. Built- 


in copper cooling coil with fittings for 
temperatures below ambient available. 
Electric Hotpack Co.. Inc., Cottman & 
Melrose Sts.. Philadelphia, Pa >588 


TWIN LOW-VOLTAGE 
POWER SUPPLY 


{wo identical transistor-regulated sup 
plies are featured in Model 802A pow- 
er supply. Each supply fully adjustable 


292 


from 0 to 32 volts at loads to 1.0 amp. 
Outputs isolated from each other and 
from ground, allowing supplies to be 
placed in series for regulated output 
64 volts at 1.0 amp. Regulation, 3 my 
change in output voltage for 100° per 
cent load change. Input voltage change 
from 105 to 125 volts a-e results in 
3 mv max change in output under any 
lead conditions. Supply may be re- 
otherwise 
Front 


wide. 


peatedly short-circuited —o1 


overloaded without damage. 
panel, 3% in. high x 19 in. 
Metering provided. Harrison Labora- 
tories, Inc. 45 Industrial Rd.. Berkeley 


Heights, N. J. >589 


EDDY-CURRENT HAND 
TACHOMETER 


Group of speed-measuring instruments. 
manufactured in West Germany, has an 


accuracy of 1.0 per cent. Spindle ot 


Y-oz unit is mounted in sealed” ba!l 
Magna Tak 
available in four speed ranges: 0 to 
2000. O to 4000. 0 to 6000 and 0 to 
8000 rpm. Boulin Instrument Corp... 10 
First St.. Pelham. N.Y. >590 


hearings. tachometer- 


VOLTAGE CONVERTER 
All solid-state d-e to d- 


verts 12 to 14 volts into 225 or 450 


volts output under nominal load. Con 


dey it e¢ con 


verter furnishes high-voltage d-c to 


battery-operated equipment. mobile 
systems or scientific instruments in the 
field. Central Scientific Co.. 1700 Irving 


Park Rd.. Chicago. Il. >591 


a 


COIL TESTER AND 
COMPARISON BRIDGE 


Through use of plug-in adapters, dual- 
purpose instrument will detect shorted 
turns of most coil sizes and posses-es 
sensitivity sufficient to detect single 
shorted turn of No. 46 wire. Neutralli- 


zation of self-capacitance of coils with 
large number of turns is provided. 
Bridge section can be used to measure 
per cent deviation from standard = re- 
sistors (50 to 50 k ohms), capacitors 
(5000 puf to 5 vf) and inductances 
(20 mh to 6 henries) to accuracy of 1 
per cent. Eleetromatic Equipment Co.. 
175 «Fifth Avenue. New York 10. 
N.Y, >592 


FILMCARD READER 


Designed for engineering drawings and 
other documents copied on 35) mm 
Micro-Fax Model KG = 15 
reader features 18 x 24 in. screen of 
Entire Filmsort “D” 


microfilm. 


plastics crystals. 


aperture card can be projected with- 
out scanning. Adapter available for roll 
film: also provision to permit making 
full-size photo prints. Micro-Fax Div., 
Eugene Dietzgen Co.. 219 EF. 23rd St.. 


New York 10. N.Y. >593 


DIGITAL CLOCK 


Clock provides digital output in form 
of contact closures representing hours. 
Model DC-112 
output can be in decimal. binary ot 
binary-coded decimal form. Clock will 


minutes and seconds. 


operate a variety of readout devices 
such as card punches. electric type- 
writers or printers and operates from 
115-volt, 60-ceycle 


<upply. Individual “time set” pushbut- 


unregulated power 
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Arc Resistance 


with Synthane Laminated Plastics 


Vv 


Resistance to arcing is important in such 
applications as terminal boards, switch 
and fuse blocks, and circuit breakers. 
Usually, however, arc resistance alone is 
not sufficient to satisfy job requirements. 
Ceramics, for example, are excellent for 
are resistance but they break easily and 
are difficult to machine. Mica has excel- 
lent are resistance yet lacks strength. 


Laminates have arc resistance plus 

Laminated plastics have many desirable 

properties in combination. All grades of 

plastic laminates have good electrical 

properties. All have good dielectric 
EXCELLENT 

SYNTHANE GRADE G-7 —> 


SYNTHANE GRADE G-5 = 
SYNTHANE GRADE G-8 4 = 


SYNTHANE GRADE G-11 


SYNTHANE GRADE AA-M > 


SYNTHANE GRADE C-m 


SYNTHANE GRADE L-™ € VULCANIZED FIBRE 


CEUEUOOUOREOOGRRUGREUOEGOORGGRRROROOOOO 


SYNTHANE GRADE XX —>= 
POOR 


Relative Are Resistance of Several Plastic Laminates 
and Vulcanized Fibre. 
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strength, dissipation factor and insulation 
resistance. Some laminates also have ex- 
cellent are resistance and some—the 
phenolic laminates, for instance—are 
relatively poor in this respect. 

It is this failing of the phenolic grades 
which may have deterred you from think- 
ing of laminates when arc resistance was 
required. But, outstanding progress 
has been made to supply laminates with 
excellent arc resistance. For example, 
Grades CM, LM, G-5 and G-7 have 
outstanding arc resistance properties. 

There are several tests for arc resist- 
ance. One commonly used is ASTM 
Method D495-56T, which approximates 
service conditions in alternating current 
circuits operating at a high voltage, with 
currents limited to units and tens of 
milliamperes. Two pointed electrodes, 
14’’ apart (see drawing), rest upon the 
material to be tested. The arc is applied 
intermittently, and at first mildly. Later 
the time between flashes is decreased and 
the amperage is increased until the are 
finally burns a conducting path between 
the electrodes. The total time in seconds 
until failure occurs is the are resistance 
of the material. 


Arc resistance is related to time 
Since the severity of the are is progres- 
sively increased, the comparative arc 
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resistance of two materials is not in direct 
proportion to the time. The accompany- 
ing chart gives you a fairly accurate 
relationship of the are resistance of 
Synthane laminates—using the ASTM 
method. The first four are glass base 
grades. G-7, containing a silicone resin, 
tops the list in are resistance as well as in 
dielectricstrength, dissipation factor, insu- 
lation resistance and moisture resistance. 

For specific information relating to Are 
Resistance for your application or for the 
combined properties of Synthane lami- 
nates, write Synthane Corporation, 17 
River Rd., Oaks, Pa. 


Set-up for A.S.T.M. Arc Resistance Test in the 
Synthane Laboratory. 


SYNTHANE 


CORPORATION Ss OAKS, PENNA. 
Laminated Plastics for Industry 


Sheets, Rods, Tubes, Fabricated Parts 
Molded-laminated, Molded-macerated 
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The growing family of 
instrument servo components 


60 cycle Servomotors (1, 3, 5 and 10 watts) 
400 cycle Servomotors (3 and 15 watts) 
60 cycle A.C. Tachometers 
400 cycle A.C. Tachometers 
D.C. Tachometers 
Gear Reducers 
Vacuum Tube Servo Amplifiers 
SERVOPOT (Combination of: Servomotor, 
gear train, slip clutch and potentiometer) 


Available separately or in any combination 


DIEHL Instrument Servo Components have 
been developed to offer maximum performance, 
flexibility and reliability at minimum cost. 
These are the basic servo system building 
blocks which enable our military and industrial 
customers to satisfy the demands placed on 
them for higher over-all response, accuracy 
and economy. Write for full details con- 
cerning any of these components. 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 


* AC SERVOMOTORS * AC SERVOMOTORS WITH AC TACHOMETERS °* 


SINGER 


DC SERVO SETS 


* AC SERVOMOTORS WITH DC TACHOMETERS * AC AND DC TACHOMETERS * RESOLVERS 


®A Trademark of DIEHL MANUFACTURING COMPANY 
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tons below each digital display win- 
dow permit setting each digit inde- 
pendently. Zero reset button provided. 
Datex Corp., 1307 So. Myrtle Ave., 
Monrovia, Calif. >594 


VOLTAGE CALIBRATOR 


Absolute voltages accurate to 0.1 per 
cent at frequencies from 35 cycles to 
10 ke may be obtained by setting digi- 
voltage 


tal controls of precision a-c 


source Model AVS-321. Output to 30 
watts. Wave form sinusoidal with less 
than 0.15 per cent distortion. Holt In- 
strument Labs, Oconto, Wis. >595 


OSCILLOSCOPE CAMERA 


Type C6 camera is adaptable to any 
type of oscilloscope utilizing a 5-in. 


tube. Camera incorporates 1:1 lens. 
Filter in viewing aperture allows con- 
tinuous viewing while camera is op- 
erating. For speeds of 14 to 275 ips. 
Lens: 50 mm, F-1.8. 90 mm_focal- 
length. Spool-type record holder with 


footage indicator and 1(, hp chart-drive 
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HIGH POTENTIAL 


Testing 


Every over-potential testing need from the 
super-power generator to the appliance motor 
. is met by a HYPOT® 


150 KV Testing . . Mobile HYPOT® 


Non-destructive testing of power cables, generators, 
bushings and insulators wifh AC and DC test poten- 
tials from 45 to 150 KV. Newly developed DC Mo- 
bile HYPOT® offer test facilities equivalent to AC 
testers of greater bulk . . . and are easier to handle, 
cost less. Write for bulletin “Mobile HYPOT®”, out- 
lining your requirements. 


30 KV Testing . . Bench HYPOT® 


Widely employed for insulation testing of cables, 
power distribution equipment and heavy duty motors. 
Models available with AC and with DC test poten- 
tials from 5 to 30 KV. Write outlining your needs. 


10 KV Testing . . Portable HYPOT Jr.® 


An advanced over-potential tester that enables anyone 
to make high potential breakdown tests. Separate lights 
indicate excess leakage current and insulation break-: 
down. Test voltage collapses on breakdown or shorts, 
protecting instrument and equipment. Models available 
with test voltage ranges from 1500 v a-c, to 10,000 v a-c. 
Write for bulletin “HYPOT Jr.®” 


Write Today 


ae 


e Ct 


eae wea atte 
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DIAL HEAD AGASTAT” 


time / delay / relays 


These relays have recently been re-designed—improved in 
performance and appearance. So you'll want up-to-date 
specs. 

This free folder gives complete details on all models. In 
it you'll find operating specs, timing ranges, contact ca- 
pacities, dimensions, diagrams of contact and terminal 
arrangements, and data on mounting and installation 
accessories. 

For your copy, write: Dept. \31-821 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Elizabeth, New Jersey 
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the idea that 
fizzled... 


One of the copywriters at our ad 
agency had a great idea! 


“Let’s send an actual stamping to 
everyone using lamination dies,’’ he 
said. ‘‘We’ll send them samples from 
the largest and smallest dies that 
CTD has ever made. Here’s our copy 
pitch: ‘The long and the short of die 
making...’°” 


““Fine,”’ we said! ‘‘Now find us some 
1014 square foot envelopes and a 
delivery service to carry them ‘cross 
country’! ’’ We explained that while 
CTD has turned out dies for extreme- 
ly small laminations, our largest was 
for laminations 3’ x 314’ (for the 
new synchrocyclotron at Princeton 
University). 


But the basic idea was good. Because 
you should know that Cleveland Tool 
and Die Company has the capacity 
to handle any lamination die re- 
quirement, steel or carbide. 


Whether you're involved with home 
appliances or electrical apparatus... 
if you need quality dies, jigs, fixtures 
or gages, we’d like to suggest you 
send us your prints and specs for 
quotations. Or, if you’re not at that 
stage yet, we'd like to send you a 
brochure describing our capacity, 
abilities, facilities. Write to... 


, President 


CLEVELAND TOOL & DIE CO. 
1620 Eddy Road + Cleveland, Ohio 


P.S. We design as well as manufacture 
...and do custom stamping, grinding 
and boring, too. 
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.»»Where it counts! | 


Best proof of Dunco Type FC-6 reliability is the fact that 


these sturdy little relays are specially designed to play impor- 
tant parts in all of the missile programs illustrated above— 
and several more besides. 

Type FC-6 Relays are spotlessly clean. They have a new 
and outstandingly dependable contact material, and include 
unique design features that provide positive protection against 


extreme vibration and shock. 


STRUTHERS-DUNN 2 


Makers of the world’s largest selection of relay types 


STRUTHERS-DUNN, Inc., Pitman, N. J. 


Sales Engineering Offices in: Atianta - Boston + Buffalo + Chicago + Cincinnati + Cleveland + Dallas « Dayton + Detroit + Kansas 
City + Los Angeles + Montreal + New Orleans « New York « Pittsburgh + St. Louis « San Francisco + Seattle « Toronto 
Member, National Assn. of Relay Manufacturers 
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motor. Hamilton Watch, Hathaway In- 
strument Div., 5800 E. Jewell Ave., 
Denver 22, Colo. >596 


COIL-WINDING MACHINES 


Coil winder has shuttle speed of 1200 
rpm and shuttle size of 0.16 to 0.63 in. 
Mechanical footage-counter controls 
loading of wire on Series S machines 
while windings are registered by elec- 


“ 


tronic counter. Both counters stop ma- 
chines when pre-set number of turns is 
reached. Also available is inductance 
comparator for use with ferrite cores. 
By pre-setting inductance value on com- 
parator, operator can determine from 
CRT when coil reaches required in- 
ductance. Universal Manufacturing Co., 
Inc.. 1168 Grove Street, Irvington, 


nN... J. >597 


MEGOHM BRIDGE 


Resistance range of Model 801 Bridge 
is 1 k ohms to 110 megohms. Bridge 
uses six decades; first two stages have 
resistors of +0.01 per cent accuracy, 
temperature coefficients less than 5 


ppm per deg C and stability of 2 to 


3 ppm per year. Four other stages use 
standard precision resistors of +0.02 
per cent. Ratio arms of 1 k ohms, 10 
k, 100 k and 1 megohm are +0.005 
per cent accuracy. Ten-megohm ratio 
arm is equally stable oil-immersed unit 
of +0.003 per cent accuracy. Bridge 
has built-in d-c power supply for test 
potentials to 250 volts. Accuracy at 100 
volts, 0.08 per cent. Mid-Eastern 
Electronics, Inc., 32 Commerce St.. 
Springfield, N. J. >598 
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Py : 
ELECTRICAL 


PORCELAIN 


Produced to meet your 


individual requirements 


Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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- Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 
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DYKEM 
eat 


“ Ro SS 
Vs ee | Popular package is : 


kK (SS 8-oz. can fitted with 
making Dies and |.“ a i 


Templates plying right at benc 


creases efficiency and 
accuracy 


Write for sample 
on company letterhead 


THE DYKEM COMPANY 
2303F North 11th St. ¢ St. Louis 6, Mo. 
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Bakelite cap holding & 
soft-hair brush for - = 


metal surface ready for & 
layout in a few minutes. = 
The dark blue background & 
makes the scribed lines & 
show up in sharp relief, = 
prevents metal glare. In- = 


NATIONAL LOCK 


for use on appliances 
electrical equipment 
custom cabinets 
furniture 


PIN TUMBLER 
GENERAL UTILITY 


68-6705 HALF MORTISE 
PLATE TUMBLER 
DRAWER AND DOOR 


68-0231 
PLATE TUMBLER 
CLIP MOUNTED 


68-0297 


CAST ALLOY 
68-3709 METAL CABINETS 


STRIKE 


i 


Write for new Catalog No. 359 illustrating and 


68-3708 
PIN TUMBLER 
SLIDING DOOR 


describing the complete line of National pin tumbler, 
plate tumbler and lever tumbler drawer and door 
locks. Key and combination locks are soundly 
engineered and constructed of finest quality materials. 


Also special locks for your special needs. 


NATIONAL LOCK COMPANY 
ROCKFORD, ILLINOIS 


Industrial Hardware Division 
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transparent 


(No Amber Tint) 


‘Resinite EP- 


Vinyl Insulation S 


Developed specially for the new “B” revision of MIL-I- ¢ Smoother, harder surface 

- facilitates installation 
7444, Resinite EP-93C is transparent and colorless (no e Flexible at —90° F 
amber tint). Here is a brand new material embodying e Withstands 185° F 

' rs - Resinj ‘feati continuously 
all the superior characteristics of Resinite specification e Flame Resistant 
grade insulation sleevings — and more. Now there is a e Fungus Resistant 
. ° Q re Ie r ae 
Resinite material for all Types (transparent, tinted or . All 3 types and size ranges 
e Transparent, amber, black, 
white, and red 

fication. Ask your Resinite Distributor for complete e Exclusive “Soft-Wound” 
spooling assures 
full-round sleeving 


colored ) and all Size Ranges of this important speci- 


information or write for samples and performance data. 


See us at Wescon in San Francisco—Booth 915 


Hesinite \ 


Whatever your insulation 
sleeving problem, there’s an 
appropriate Resinite material 
Call your Resinite distributor 
or write for samples and 
performance data. 


THE “Borden CHEMICAL COMPANY Resinite cane 


Plants: Santa Barbara, Calif. * No. Andover, Mass. 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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STAYS BRIGHT! 


Molded Rubber 
means 


y 7 
n 


Reliabili 


a" diameter WILBOW 
sealing rings (left) meet 
special requirements for 
high capacity VAC-U- 
LIFT material handling 
equipment (above). 


Amazing VAC-U-LIFT equipment handles 10 ton 
loads with air alone. To meet an unugually rigid 
combination of seal requirements. . . high strength, 
abrasion resistance and flexibility . . . the designers 
called on WILBOW and got the sealing rings they 
needed, combining unprecedented performance re- 
liability with long wear life. WILBOW specializes 
in meeting special molded rubber needs with a full 
line of compounds including the latest synthetic, 


natural and silicone polymers. Tell us of your me- 
chanical rubber parts requirements, or send for ie 
WILBOW catalog. We will be qk Satin-chrome finish 


pleased to work with you. 


The WILLIAMS-BOWMAN RUBBER Co. protects General Electric 


1953 South 54th Avenue * Cicero 50, Illinois * (Chicago Suburb) 


o 7 . 
Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- Ol = a Le] h t A e | e ts to a L vf 4 ie a iS) 5 


ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 
Circle 315 on page 17 


A new satin-chrome finish on General Electric oil- 
tight selector switches resists corrosion and wear, 
gives better appearance on your panel. 


ANY de Revolutionary This new finish for selector switches is the new- 


. est feature in G.E.’s complete line of oil-tight push 
Symi te FASTENER with Malye eby buttons. In addition, the line includes all types of 
- selector switches, indicating lights, stations and 

: accessories. ONLY GENERAL ELECTRIC push- 
button operators have color coding on locking rings, 

thus eliminating loss of color identification result- 

ing from dirt and grime. And separable operators, 

color rings, and contact blocks provide flexible 

building-block construction that cuts stock require- 

ments! Write for bulletin GEA-5779. General Elec- 

tric Company, Schenectady, N. Y. 31-17 


OTHER G-E ADVANTAGES 


Less Button Projection 

Standard push button extends 
just 2-inch in front of station or 
panel, cuts total projection 


The ONLY Blind Fastener MOLLY JACK NUT | @ ee, ee 


guard) against unintentional 


IS EASY TO INSTALL : operation. 
Insert Jack Nut | : 


Which Grips ANY Material i. Combination Button-light 
From 0” to 3/16” Thick fe | A ay A" exan ; 4 F ; Illuminated push button saves 


money and panel space by 
combining pilot light and push 


R t : 
P i euegee epider button in a single control unit 
Ask Your Industrial Distributor or 2 anchor backing a) 


ACTUAL SIZE OF 
SMALLEST JACK NUT 


Write for FREE Brochure = ——” 


roy : o* { jut now is 
= MOLLY core. g instant a 
ce N. 5th St. Reading, Pa. — G EN ERAL G ELECTRIC 
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New Class H transformer design utilizes 


Resin Encapsulation 


300 


REG. U.S. PAT. OFF. 


SCOTCHCAST 


BRAND 


COIL WINDERS, INC., of Westbury, L.I., 
solved the problem of insulating their unique 
new vestabte transformers to MIL-T-27A 
Class H requirements by encapsulating them 
with ““SCOTCHCAST”’’ Brand Epoxy Resin 


The Coit Winpers CF-135 tunable transformer is especially 
designed for Printed Circuitry—can be mounted without an 
additional heavy mounting bracket. “Scotcucast” No. 251 
was selected for insulating the units because it combined: 

1. Superior handling characteristics 

2. Good impregnating ability 

3. High temperature stability 
Consistent high quality of 251 has kept rejection rate low. 
Com. Winpers also produces this variable transformer for 
Class A and Class B applications. All are insulated with 
*“ScoTcHCast”™ Brand Resins. 


“SCOTCHCAST" Brand Resin No. 251 is a filled 
100°, solids epoxy resin. It is but one of a versatile family of 
“ScoTcHCast”’ Brand Resins for high temperature insulation. 
There is also low viscosity No. 250 for fine wire impregnation; 
thixotropic No. 252 for smooth uniform dip coatings and 
sealing applications; and one-part No. 236 for unsurpassed 
mechanical and electrical properties. 
Typical characteristics at 180°C. — 

® Weight loss In 1000 hours 3% 

® Dielectric constant at 1 KC 5.0 

® Dissipation Factor at1 KC .020 
Most high temperature insulation problems can be solved by 
one—or a combination—of these resins. New technical bul- 
letin contains detailed information. Write for it. 


High temperature insulating 

problem? Let us help: 
3M Field Representatives can give you skillful assistance in 
adapting these remarkable ““Scotcucast” Brand Resins to 
your components and production facilities. They can also 
demonstrate the many advantages of ““Scotcn”’ Brand Elec- 
trical Insulating Tapes. No cost or obligation—just ask your 
3M Branch nearest you or write: 3M Co., 900 Bush Ave., 
St. Paul 6, Minn., Dept. EAB-&89 


“Scorcucast” and “ScoTcu” are registered trademarks of 3M Co., St. Paul 
6, Minn. Export: 99 Park Ave., New York 17, N.Y. Canada: London, Ont. 


A complete line of 
“SCOTCHCAST” Resins 


Both room-curing and heat-curing resins: flexible and rigid 
systems. There are “Scotcucast”’ Brand Epoxy Resins for 
every impregnating, molding, or dipping need—all supplied 
pre-formulated, pre-measured in two or one-part systems 
ready to use. Folder describes complete line; includes com- 
prehensive application and performance characteristics. 
Write for it. 

>. 


Miienesora [tmine ano [ffamuracturine company 
WHERE RESEARCH IS THE KEY TO ‘oncssow > 
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SEH HMRN eS 


Encapsulated Cotton Interweave 
Bobbin Form Wound 
Paper Interleave _ High Temperature 


Send us your coil 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, 


Circle 319 on page 17 


Flexible Heating Elements 


@ Light weight, bare or insulated. Asbestos heating grids 
provide even heat distribution with quick heating and cool- 
ing characteristics. Vibration proof. Sizes from %” square 
and up 

MINIATURE THERMOSTATS also available 


RAMCO PRODUCTS 
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FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 

Insulation Grip— 

Small or Large 

. Screw Hole. For 

“ Standard, Extra 

EASY TO APPLY «+ NO TOOLS REQUIRED Flexible Strand- 
. ingand Solid Wire 





Mine KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 
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Epoxy magnet wire is ideal for encapsulated systems. 


Epoxy magnet wire has high resistance to heat shock and overloads. 


MAGNET 
WIRE 


EPOXY 


Not since Anaconda first offered Formvar many years ago 
has a magnet wire gained such rapid acceptance—and 
solved so many serious application problems —as_ has 
Anaconda Epoxy. 

The biggest reason—the unusual compatibility of Epoxy 
with virtually every insulation system in use today. No 
deterioration of the Epoxy film is experienced due to chemi- 
cal reaction with insulating varnishes tested to date, for 
example ... no problems from film deterioration in encap- 
sulated systems. 

But Epoxy offers much more than compatibility. High 


heat resistance (Class B; 130°C)... unusual resistance to 


SEE THE MAN FROM 


Epoxy magnet wire has high dielectric strength. 


Epoxy magnet wire is unaffected by transformer oils. 


Its outstanding acceptance stems from compatibility 
— plus heat-shock resistance, thermal stability, 
high dielectric strength 


heat shock .. . high dielectric strength, even under con 
ditions of extreme humidity . excellent flexibility and 
winding properties . . . outstanding adherence of insulation 
Epoxy magnet wire is now available in a complete range of 
sizes—rounds, squares, and rectangulars. 

Epoxy magnet wire is an Anaconda development—now 
in its fourth year of production, preceded by seven years of 
research in the Anaconda magnet wire laboratories. Why 
not obtain samples and data for your next exacting require 
ment. Ask your Anaconda man or write for Epoxy 
Catalog No. C-101 and samples to: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, New York. 


ANACONDA 


FOR EPOXY MAGNET WIRE 
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Pah ce Cord and 
Cable Failures here 
se with, 


SERIES 
26D 
ee 


KURMAN 


MINIATURE 
POWER RELAY 


FEATURES 

e Clear polystyrene dust-proof enclosure 
¢ Up to3 PDT, 10 amp. contacts 

e AC or DC coil, up to 15,000 ohms 

¢ Life—100,000 operations minimum 

¢ Dimensions 13@” sq. x 2%,” high 

¢ Octal or 11 pin plug-in 


ALL 
STANDARD 
VOLTAGES 


(6, 12, 24, 115, 
230; AC and DC) 


SHIPPED 
SAME DAY 
ORDER IS 
RECEIVED 


STRAIN. 
RELIEFS 


a 


© Permanently anchor 
exterior conductors 
¢ Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 

your cord and cable failures PERMANENTLY } 


STOCKED BY LEADING DISTRIBUTORS 


KU2MAN SALES AGENCIES 
FROM COAST TO COAST 
For Immediate Delivery at Factory Prices 


KURMAN ELECTRIC CO. 


Subsidiary of Crescent Petioieum Corp. 
Quality Relays Since 1928 


191 NEWEL ST. 
BROOKLYN 22, N. Y. 


Export:135 Liberty St,N.Y. 
Cable: TRILRUSH 


/ SEND FOR CATALOG 
7 Peeeeceeeeeeeeee 


FOR EVERY TYPE OF CONNECTION! 7 pecicrlbsicaelitesctiiasidlita 


EVERY ASSEMBLY LINE OPERATION! 
Called “FOPS” By Every User! 


GRIPMASTER ALL-METAL TYPE 
=, Slight pressure permanently positions 


this one-piece type. The strain relief oa Ss T I L L eS M A N 


forms a smooth metal band which is 


eo in a tenacious grip about : El ECTRIC TUB UL A R 
HEATING ELEMENTS 


wherever exterior conductors supply the 
power! Underwriters accepted. 





= 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in = < ¥ 
position. The Clickon forms animmovable ~ etait 
ee pressure around the *& TOP PERFORMERS 
ore * TOP QUALITY 
alg %* TOP WORKMANSHIP 
GRIPMASTER INSULATED TYPE at LOW COST TO YOU! = ._6 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


——s for application wherever space limitations, 
GRIPMASTER WIRE ne ~ fast heat and high efficiency are factors 
BINDING SLEEVES — in design. ; 
p + is dene { Millions are now in use as standard equipment in 
ee Cen America's leading nationally advertised electrical 
cord ends. Specially treat- appliances. 
- sehher tees available Available in copper, cold rolled steel and acid 
in 5 wire sines to .790. resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 


CALL OR WRITE TODAY, FOR NEW use, wattage and maximum temperature require- 
CATALOG, SAMPLES, QUOTATIONS ments. An inquiry, NOW, will prove profitable to 


GEORGE WALKER COMPANY om 


EXCLUSIVE MANUFACTURERS STILL-MAN MANUFACTURING CORP. 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 
oul 431 EAST 164 ST., NEW YORK 56, N.Y. 
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-Fectronic Products Mi 


Ly CARBORUNDUM 


Having transistor troubles ? 


Registered Trade Mark 


© ee Seal 


THERMISTOR AND VARISTOR TEST KITS 
available for development and experimental work 


Interest in the temperature-sensitive 
and voltage-sensitive characteristics 
offered by GLOBAR® ceramic type 
non-linear resistors is now being 
demonstrated in many electronic ap- 
plications. In transistorized circuits, 
for example, GLOBAR thermistors 
help to stabilize Ic variations with 
temperature and to prevent thermal 
run-away. GLOBAR varistors pro- 
tect transistors against ov er-voltage 


| 


For those who would like to exper- 
iment with possible applications, test 
kits are available at a very nominal 
charge. Bulletins GR-2 on varistors 
and GR-3 on thermistors give physi- 
cal and electrical characteristics, 
types and sizes available and other 
pertinent data. Just drop a line to 
Globar Plert. Refractories Division, 
Dept. EMR89, The Carborundum 
Company, s..ugara Falls, N. Y. 
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GRADED SEALS—KOVAR’® ALLOY 
to Pyrex-type Laboratory Glass 


|| —PYREX 774 


GRADING GLASS 


“| BOROSILICATE 
IHARD GLASS 
~ 
SKOVAR ALLOY 


cal 


oo 


(4 
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CERAMIC PARTS AND METALLIZED ASSEMBLIES 


One of the many examples of glass- 
to-metal sealing made possible by 
KOVAR alloy is the graded seal shown 
here. This is a tubular transition piece 
for hermetically joining metal tubing 
to laboratory Pyrex-type glassware. 
The metal end, which can be joined 
to other metals, is of KOVAR alloy. 
Its thermal expansion characteristics 
are almost identical with those of 
borosilicate hard glass, which is used 
for the first glass section, fused to the 
metal. Succeeding glass sections, 
graded in thermal expansion coeffi- 
cient, connect the borosilicate glass 
to the Pyrex-type glass, which can be 
fused to laboratory Pyrex systems. 

Stock sizes are from %” to 1.9” 
diam. at the metal end and from 4%” 
to 14” overall length. For further 
information, write to Latrobe Plant, 
Refractories Division, Dept. EMS839, 
The Carborundum Company, 
Latrobe, Pa. 
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CERAMIC RESISTORS 


GLASS-TO-METAL SEALS KOVAR ALLOY 


Large Ceramic-to-Metal 
Assembly solves problem 
in new electronic devices 


The problem of sealing a heavy metal 
ferrule to a large ceramic cone was 
brought recently to Carborundum’s 
Latrobe Plant. Team effort involving 
research and long experience in pro- 
ducing high strength, high tempera- 
ture, vacuum tight ceramic to metal 
assemblies resulted in the final design 
shown above. The ferrule is bonded 
to a dense, 96% alumina cone. It will 
withstand assembly and operating 
temperatures far above the range of 
soft solders and is extremely rugged. 

Carborundum has facilities for 
manufacturing ceramic-to-metal 
assemblies to meet a wide range of 
specialized requirements. Our engi- 
neers will welcome the opportunity 
of discussing your particular prob- 
lems. Write to Latrobe Plant, Re- 
fractories Division, Dept. EMC89, 
Carborundum Company, Latrobe, Pa. 
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NEW DATA SHEET ON HIGH 
TEMPERATURE RESISTORS 


New Technical 
Data available 
on high tem- 
perature resis- 
tors—type SP. 
All essential 
technical infor- 
mation, includ- 
ing watt rat- 
ings, sizes, 
resistance 
ranges, termi- 
nations, temperatures, overload 
capability etc., are included. For 
your copy, write to Globar Plant, 
Refractories Division, Dept.EMR 
89, Carborundum Company, 
Niagara Falls, N. Y. 
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-----Electrical Manufacturing 


PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter “e' with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries—208e, 260e 
Brakes—210, 243e 
Capacitors—15, 202e, 230, 237 
Choppers—41, 210e, 220e 
Clutches—243e, 276e 


Contact devices 
Brushes and brush holders—49, 132e, 
224e, 279, 307 
Commutators—132e, 307 
Contacts and contact points—64, 132e, 
291 


Slip rings—132e 


Control systems—35, 47, 78e, 98e, 136¢e, 
202e, 242, 261, 274e, 280e 


Cooling equipment—88e, 180e, 184e, 284e 
Counters—210e 


Electron tubes 
Cathode ray—212e, 214e 
Receiving—Inside front cover 
Special—147e, 248e 


Fans and blowers—163, 212, 226, 272e, 288 
Filters—180e 


Heating elements—194, 202e, 204e, 248e, 
300, 302 


Lights, indicator—44, 206, 214, 214e, 265e, 
266e, 286e 


Magnetic components 
Bobbins and core boxes—194, 204e 
Coils and windings—168, 208e, 254e, 300 
Cores—74e, 157, 263 
Permanent magnets—45, 166, 203 


Magnetic amplifiers—249, 274e, 305 
Meters, panel—21, 146e, 238e, 278e 
Microwave devices—214e, 222e 


Potentiometers—156e, 206, 210e, 216, 219, 
238e, 250e, 286e 


Printed circuits—244 


Protective devices 
Circuit breakers—201, 206e 
Fuses—277 
Pressure control—230e 
Thermal—Back cover, 72, 173 


Relays 

General purpose—50, 66, 151, 160, 161, 
170, 180e, 193, 210e, 229, 265, 268e, 
270e, 302 

Rotary—50 

Special—181, 186, 210e, 229, 262e, 286, 
296 

Telephone—12, 50, 210e, 214e 

Time delay—198, 215, 248e, 295 


Resistors—172, 202e, 208e, 210e, 224e, 226, 
243e, 253, 303 


Seals and terminals, hermetic—206e 


304 
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Semiconductor devices 
Rectifiers and diodes—14, 30, 186e, 200, 
206e, 231, 244e, 268e, 270e, 284e 
Thermistors—230e, 303 
Transistors—169, 218e, 220e, 223, 224e, 
269e 
Varistors—303 


Servo components—148e, 156e, 202e, 214e, 
246e, 272e, 294e 


Shielding devices—208 
Solenoids—233e 
Static switching elements—212e, 220e, 262e 


Switches 
Controllers and contactors—27, 67, 184, 
258e, 299 
Limit—59, 233, 246e, 265e 
Mercury—212, 272 
Pressure—202e, 254e 
Pushbutton—252e, 299 
Rotary—202e, 299 
Slide—278 
Snap action—44, 178, 210e, 211, 258e 
Stepping—50 
Thermal—Back cover, 72, 265, 274e, 285 
Toggle—202e 


Timers—235e, 268e, 290 


Transducers 
Linear displacement—284e, 286e 
Special—212e, 218e, 243e, 250e 
Thermostats—224e, 230e, 265 


Transformers 
Electronic—29, 246e, 250 
Industrial—154e, 250 


Valves, solenoid—8, 23le, 235e 
Wire and cable—161, 184e, 204e, 222e, 238, 
246 


Hookup—161, 271 

Magnet—4, 24, 34, 185, 206e, 256, 283, 
301 

Ribbon cable—226e, 246, 280e 

Thermocouple—254e 


Wiring devices 
Cable clamps and clips—220e, 302 
Connectors—195, 208e, 214e, 240, 262e, 
287 


Cord sets—173, 246 

Eyelets—70 

Plugs and jacks—224, 224e, 252 
Terminal blocks 224, 288 
Terminals—176, 182, 262, 288e, 300 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings—1, 48, 63, 188, 202e, 244, 273, 
274e, 282e 

Counters—189, 276e 

Fasteners 
Bolts and nuts—153, 172e, 196, 208e, 225, 

260e, 270e, 272, 280e, 287, 299 

Locks—297 
Pins—179, 207 
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Quick-operating—196, 234 
Rivets—172e 
Screws—57, 260e, 272 


Filters—128e 
Gears—178 


Housings and enclosures—202e, 221, 222e, 
247, 306 


Knobs, handles—210 
Mounting hardware—240e 
Plastics parts—26, 202e, 279 
Seals and gaskets—40 
Springs—266, 282e 
Tubing—267 


COMPUTERS AND 
COMPUTING COMPONENTS 


22, 206e, 215, 216e, 220e, 228, 236 


DRAFTING MATERIALS 
AND EQUIPMENT 

Files—265e 

Reproduction machines—254, 281, 292e 
Tracing cloth—178 


DRIVES 


Electrical—35, 47, 180e, 238e, 259 


Mechanical—204, 212e, 240e, 252e 
Variable speed—228e 


INSTRUMENTS AND 
TEST EQUIPMENT 


Amplifiers—41, 197 
Calculators—228 
Environmental chambers—210e 
Generators, electronic—222e 
Meters—241, 292e 


Power supplies—149, 218e, 220e, 233e, 236e, 
250e, 269e, 292e 

Recorders—33, 197, 282 

Shock and vibration—12le, 206e 


Special test equipment—62, 216e, 222, 272e, 
292e, 294e, 295, 296e 


Tachometers—210e, 292e 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductive materials—40, 52, 226e, 269e 
Contact materials—36, 55, 274, 282 


Insulation and dielectrics 
Casting resins—56, 201e, 206, 214e, 222e, 
245, 300 


ELECTRICAL MANUFACTURING 





Ceramics and glass—93e, 220e, 265, 266, 
297, 303 
Fabrics—167, 190, 224e, 226e 


Laminates—180e, 202e, 204e, 224e, 226¢e, 


233, 251, 262e, 265, 293 
Mica—177, 244 
Molding compounds—39, 175, 245 
Paper—2, 162, 227 
Tape—31, 53, 167, 180e, 199, 251 
Tubing—167, 202e, 236, 265, 298 


MAGNETIC MATERIALS 
Ferrites—23le, 278e 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, 
222e 


Brazing alloys—60, 218 
Etchants—291 
Lubricants—218e 
Metals 
Alloys, general—210e 
Aluminum—13, 165 
Copper, brass, bronze—16 


Nickel and Ni-alloys—16, 210e 
Steel—152e, 209, 217, 255 


Metal forms 
Clad metals—52, 64, 206e 


Non-metallic materials 
Elastomers—61, 71 


cements, sealants, 


Plastics compounds and resins—26, 56, 


105e, 154e, 202e, 


Protective coatings 
Chemical—204e, 213, 216, 243 


204e, 222e 


MOTORS AND GENERATORS 


Integral-hp motors—Inside back cover, 23, 


69, 187, 289 


Fractional-hp motors—lInside back cover, 155, 


164, 171, 187, 202e, 206e, 216e, 289 
Gearmotors—208e, 212e, 252e, 259, 260e 


Special—Inside back cover, 38, 41, 43, 148e, 
205, 235, 259, 266e, 268, 


155, 176, 180e, 
270, 284, 290, 291, 308 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—252, 296e 

Conveyors and equipment—275 

Gas generators—65 

Layout fluid—297 

Processing equipment—65 

Soldering irons and equipment—218e 
Wire strippers—275 

Wiring machines—260 


SERVICES 


Data processing—22 
Elastomer fabrication—258, 299 
Metal fabrication—247, 279, 280, 295 


Other contract 
275, 303 


Plastics fabrication—61, 202e, 239, 244, 248, 


279, 305 
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waxes—210e, 


manufacturing—159, 187, 


Pee Seon instant smooke 
. MAGNE=- 
VARIABLE SPEED DRI VES 


CONSTANT TORQUE OVER ENTIRE SPEED RANGE 
RANGE OF ADJUSTMENT ZERO TO FULL SPEED — 


JUNIOR: 
Ye to 1/100 HP 
40:1 speed range 
request bulletin S-790 


«SIZE I: 
%, Y% and 4 HP 


¢ 50:1 speed range 
request bulletin $-580 


SIZE Ul: 
%, 1 and 1% HP 


50:1 speed range 
request bulletin S-580 


MAGNETIC AMPLIFIERS, INC. 
632 TINTON AVENUE * NEW YORK 55,N.Y. © CYPRESS 2-6610 


West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. 
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© OREGON 8-2665 


EXTENSIVE 


MOLD - ENCAPSULATION 


FACILITIES 


wy 


available for reliable environmental protection of 


TRANSFORMERS ¢ TOROIDS ¢ MAGNETIC AMPLIFIERS ¢ FILTER NETWORKS 


MOLDED ENCAPSULATED 


TYPICAL KEYSTONE TREATED UNITS 


POTTED-SHELL 


KEYSTONE FEATURES: 


, 170° C. 


Weight reduction through use of high thermal 
conductivity modified resins. 


1, Minimum cost molds 4. 

2. Meet difficult thermal shock, 
salt-sproy tests. 

3. Pass applicable portions of MIL-T-27A; 
MIL-1-16923; MIL-E-5272A 


High operating temperatures, 130°, 155 


immersion and 5 


6. Complete choice of materials polyesters, 


silicone rubber, etc 


epoxys, 


KEYSTONE’S continuous evaluation program of resin and processes it at your 
disposal. SPECIFY your resin and processing procedure, if you so desire. 


Ww 


UNION CITY, NEW JERSEY 
UNion 6-5400 


PRODUCTS 

key Stone fS05) 
SPECIALISTS IN PRECISION MAGNETIC COMPONENTS 
904-6 TWENTY-THIRD STREET 
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OIL-TIGHT 
DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


WALL MOUNTED, 
in 18 stock sizes. 


#LOOR MOUNTED, 
in double door or 
multiple door 
units —11 

stock sizes. 


JIC 
NEMA 12 
PANEL | ENCLOSURES 


Ideal for housing electrical controls, 
components and terminal strips. Note 
removable mounting panel. Neoprene 
gasket on door protects against dust, 
dirt, oil, water. Strong 

welded construction. No 

holes or open seams. 
Alsoavailable in NEMA 

types 1, 3, 4 and 5. 


JIC 
WIRING 
BOX 


Heavy gauge 

steel, welded 

seams. No knockouts or holes to 

leak oil, water or dust. Neoprene gas- 
keted cover with screw clamp makes 
tight oil-proof seal. Available with 
or without removable panel. 8 stock 
sizes from 4"x 4"x3”" to 16"x 14"x 6". 


PUSHBUTTON -—" =" 


ENCLOSURES : 
@@ 


ee ad 


A complete selection 
of types and sizes 
Fine quality con- 

struction and finish. | * & 
Welded seams. Cover , 
has neoprene gasket. | ‘ 
Holes take any |} e & 3 
standard oil-tight 

pushbutton. Types 


© | 
range from ‘‘Stand- —— 
ard” as shown, to Extra Deep, Slim 


» 


and Pendent. For one to 25 pushbuttons. 


OIL-TIGHT 
JIC SECTIONAL 
WIREWAY 


So 


Perfect protection tor 

control wiring. Neoprene gasket 

on cover and between joints seals 

out liquids and dust. Easy to assemble. 
Full length hinged cover simplifies 
wiring installation or modification after 
installation. Stock sizes: 2144"x 214”, 
4”x 4” and 6”x 6” in lengths up to 10’ 
with Elbows, ‘‘T’’s, etc. 


We also build enclosures to customer specifications 


A ENGINEERING 


CORPORATION 
Dept. EM-124 Anoka « Minn. 
306 Circle 329 on page 17 
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AMP Incorporated 182, 
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Akron Porcelain Co 
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phone & Electronics 50, 
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Products Div. 


Baker Contact Div., Engelhard Indus- 
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Baker Platinum Div., Engelhard Indus- 
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Chicago Molded Products Corp. 
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Industrial Timer Corp. 

Instrument Specialties Co., Inc. 
Insulation Manufacturers Corp. 
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Precision Equipment Corp. 
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Krueger & Hudepohl, Inc. 
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New Departure Div. of General Motors 
New Jersey Wood Finishing Co. 


Nothelfer Winding Laboratories Inc. 


Ohio Rubber Co., The, A Div. of The 
Eagle-Picher Co. 


Ozalid Div. of General Aniline & Film 
Corp. 


Palnut Co., The 


Parker-Kalon Div., General American 
Transportation Corp. 


Phalo Plastics Corp. 


Phelps Dodge Copper Products Corp., 
Inca Manufacturing Div. 4, 
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Photocircuits Corp. 

Porter Co., Inc., H. K. 
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Thermoid Div. 
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can Machine & Foundry Co. 
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Reliance Electric and Engineering Co. 
Inside Back Cover 
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Reuland Electric Co. 
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Robbins & Myers, Inc. 
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Fastener Div. 
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Many sizes from 
Stock Molds 


With or without caps. 
Internal or External 
Threads 


With or without prongs. 
Many Stock Sizes. 


Come out of 


Mid i e 


AND MANUFACTURING COMPANY 


FPLASTICS 


FOR ELECTRICAL APPLICATIONS 
Send Prints for Quotation 


123 Rotary Drive 
GURNEE, ILLINOIS 
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A.C. TIMING 
MOTOR 


Thinner... 


Quieter... ze ae 
nimax Switch Div., The W. L. Maxson 


More Reliable... Corp. 


nion Carbide Corp., 


More Versatile _ 


Inited Shoe Machinery Corp. 


Stevens Manufacturing Co., Inc. Back Cover 
Still-Man Manufacturing Corp. 302 


Stromberg-Carlson, A Div. of General 
Dynamics Corp. 


Struthers-Dunn, Inc. 

Superior Electric Co., The 

Switchcraft Inc. 

Sylvania Electric Products Inc., Sub. of 
General Telephone & Electronics 
Parts Div. 


Semiconductor Div. 


Synthane Corp. 


Taylor Fibre Co. 


Texas Instruments Incorporated 
Apparatus Div. 


Thermoid Div., H. K. Porter Co., Inc. 
Thompson Fiber Glass Co., H. IL. 
Tinnerman Products, Inc 

Tobe Deutschmann Corp. 

Torrington Co., The 


Tung-Sol Electric Inc. Inside Front Cover 


Itronix 216 


National Carbon 


nited States Rubber Co., 
Chemical Div. 


Naugatuck 
71, 


SPECIFICATIONS 


Center’ Voltage Ratings: 
6, 12, 24, 115, 230 Volts 
Frequency: 
60 CPS Standard 
25, 50 CPS Available 
Power Input: 2.5 Watts 
Maximum (60 CPS) 


BASIC MOTOR 
Weight: 4 ounces 
Speed: 300 RPM 
Torque: “% oz-in. 
Length: 9/16 inch 


FINGER-THIN ... 


Only 9/16 Inches Short . . . Only 1% 
Inches in Diameter . . . very compact 
. reduces the size of your equipment. 


Varflex Corp. 
Varian Associates 
Veeder-Root Inc. 


Vickers Inc., Div. of Sperry Rand Corp., 
Electric Products Div. 2 


WHISPER-QUIET... 


Strictly an electrical motor . . . practi- 
cally noiseless .. . no rattling of gears 
or ratchets. 


Wagner Electric Corp. 
Waldes Kohinoor, Inc. 


Walker Co., George 


TORQUE... 


Y% oz. inch at the rotor with instanta- 
neous start and stop .. . requires only 
22 watts ...can replace larger motors 
in recorders, controls and telemetering 
equipment. 


HIGHEST RELIABILITY... 


Longer life . . . no One-way gears or 
ratchets to fail . . . provides millions of 
operations without any trouble. 


WITH INTEGRAL GEAR TRAIN 
Weight: 5 ounces 

Speed: 300 RPM to 1/6 RPH 
Torque: 30 oz.-in, @ 1 RPM 
Length: Y% inch 


WITH INTEGRAL GEAR TRAIN 


Send For Special Illustrated 
Bulletin AWH MO-806 


a 54 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 


iT A WHAYDON Company 


Custom Design & Manufacture Of Electronic And Electro-Mechanical Timing Devices 
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so quiet you can hear a pin drop 


RELIANCE -tncinttaine co. * 
DEPT. 278A CLEVELAND 17, OHIO 


CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in Principal Cities 
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STEMCO THERMOSTATS 
CHS UNSOLICITED 


STEVENS manufacturing company, inc. 


P.O. Box 1007, Mansfield, Ohio 


STENCO 





THERMOSTATS 
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1, 2, TYPE C semi-enclosed (1), hermetically 
sealed (2). Small, positive acting with electrically 
independent bimetal strip for operation from 
-10° to 300°F. Rated at approximately 3 
amps, depending on application. Hermetically 
sealed type can be furnished as double ther- 
mostat “alarm type. Various terminals and 
mountings. Bulletin 5000. 


3, 4, TYPE M semi-enclosed (3), hermetically 
sealed (4). Electrically independent bimetal disc 
types for appliance and electronic applica- 
tions from -20° to 300°F. Rating: 8 amps at 
115 VAC, 4 amps at 230 VAC and 28 VDC. 
Semi-enclosed with virtually any type terminal; 
hermetically sealed with pin or solder termi- 
nals, wire leads, various mounting brackets. 
Bulletin 6000. 


5, 6, TYPE MX semi-enclosed (5), hermetically 
sealed (6). Snap acting miniature units to open 
on temperature rise for missile, avionic, elec- 
tronic and similar uses. 2° to 6° differentials 
available. Rated at 3 amps to 1 amp, depend- 
ing on duty cycle, at 115 VAC and 28 VDC 
for 250,000 cycles. Semi-enclosed types with 
metal or ceramic bases; hermetically sealed 
in circular or CR7 cans. Various terminals, 
mountings, brackets, etc. Bulletin 6100. 


7, 8, TYPE S* adjustable (7), non-adjustable (8). 
Positive acting with single stud or nozzle mount- 
ing. Operation to 600°F. Rated at 15 amps 
at 115 VAC, 7 amps at 230 VAC. Spade, screw 
or elevated terminals, various adjusting stems, 


etc. Bulletin 1000. 


9, TYPE SA* adjustable (9) or non-adjustable. 
Snap acting with electrically independent bi- 
metal. Also single-pole, double-throw. Single 
stud or nozzle mounting. Non-inductive-load 
rating: 15 amps at 115 VAC, 10 amps at 230 
VAC. Spade or screw terminals. Bulletin 2000. 


10, TYPE SM* manual reset (10). Electrically 
same as Type SA (above) except for manual 
reset feature. Bulletin 2000. 


11, TYPE B adjustable (11) or non-adjustable. 
For uses where heat generated by passage 
of current through bimetal strip is desirable. 
Various terminals, single stud or nozzle mount- 
ing. Operation to 400°F. Nominal rating: 52 
amps at 115 VAC of 40 cycles and higher. 
Bulletin 9000. 


12, 13, 14, TYPE A* semi-enclosed (12, 13), 
hermetically sealed (14). Insulated, electrically 
independent bimetal disc gives fast response 
and quick, snap action control for appliance, 
electronic and apporatus applications from 
-20° to 300°F, or higher on special order. 
Rating: 3 to 4 amps, depending on duty cycle, 
at 115 VAC, 2 amps at 230 VAC and 28 VDC. 
Various enclosures and mountings, including 
brackets. Bulletin 3000. 


15, TYPE R* sealed adjustable (15), sealed non- 
adjustable. Positive acting for operation to 
600°F. Rated at 15 amps at 115 VAC, 4 amps 
at 230 VAC. Screw terminals. Bulletin 7000. 


16, TYPE W* adjustable (16), or non-adjustable. 
Snap action bimetal strip type for operation 
to 300°F. Rated at 5 amps at 115 VAC, 3 
amps at 230 VAC. Screw or nozzle mountings; 
spade, solder or screw terminals. Bulletin 4000. 


17, TYPE H{ adjustable. Positive acting for fry 
pans, skillets, sauce pans, etc. Fail-safe, open 
in low to 500°F in high. Rated at 1650 watts 
at 115 VAC. Bulletin 10,000. 


18, TYPE D* automatic (18), or manual reset. 
For laundry dryers or other surface and warm 
air applications. Snap acting disc type U.L. 
approved for operation to 350°F. Open or 
enclosed styles. Rated at 25 and 40 amps at 
120-240 VAC. Screw or spade terminals. Bul- 
letin 8000. 


Illustrations, for general information only, 
do not necessarily show size comparisons. Fully 
dimensioned and certified prints on request. 
Manufacturer reserves right to alter specifica- 
tions without notice. AA-7230 


*Reler to Guide 400£0 for U.L. or C.S.A. approved ratings, 
{Patent Applied For. 
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